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GET HAPPILY MARRIED 
WHEN JOINED WITH MUREX 
ALUMINUM BRONZE ELECTRODES 


Brass can be welded to steel...iron can be 
welded to copper. .and many other combi- 
nations of commonly used metals can be 
joined together with high strength and ex- 
cellent bearing qualities—when the welding 
is done with Murex Aluminum Bronze 
Electrodes. 

The Murex line includes five aluminum 
bronze electrodes, each with outstanding 
welding characteristics and exceptional phys- 
ical properties...each designed to provide a 
certain Brinell hardness of deposit ...and all 
five are made to satisfactorily take care of 
any application that an experienced welder 
may find in a day’s work. 

The superior results provided by Murex 
Aluminum Bronze Electrodes are, achieved 
with a minimum of penetration and with 
quick cooling. Write today for further 
information about these products and ask 
for your time-saving application chart. 
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A-C are welding you 
WANT, GET THIS NEW HOBART 
INDUSTRIAL TYPE A-C WELDER 


he M TAL You'll like the 
COST-SAVING advantages 
of this new Hobart AC. 


Increased welding speeds, lower power consumption, 
and high quality welds in all positions are yours when 
you use the new Hobart Industrial AC Arc Welder. 

This new and improved AC welding transformer per- 
mits use of larger electrodes and higher welding cur- 
rents, which increase welding speeds as much as 30%. 
Since there is virtually no magnetic “arc blow” with the 
Hobart Industrial AC, high quality welds are assured 
even when welding in deep grooves, corners, and simi- 
lar difficult locations. 

Current adjustments are quickly made by turning the 
hand wheel on top of the unit. An exceptionally large 
current indicating scale of translucent plastic, illumi- 
nated from within by a 110 volt lamp, makes it easy to 
read the current setting from a distance in either light or 
dark locations. No other AC welder on the market will 
oS a compare with Hobart's advantages for faster, lower cost 
f a ; a welding. Write today for complete details and specifica- 
 -_ tions! Hobart Brothers Company, Box WJ-107, Troy, Ohio. 
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Only Combination Welder & Power Electric Motor Driven Welders 

Portable Weider Generator-Welder & Power: Transformer Type A.C. Weldmobile (Seif-propelled) AC-AC ces, Brive Welder, Power : AC-AC Welder, Pwr.—Pulley 
’ “ONE OF THE WORLD'S LARGEST BUILDERS OF ARC WELDERS” 


R) Hobart Brothers Company,Box WJ-107, Troy, Ohio 
\ Please send me complete information on items checked below. I especially want 
‘ to know about the new Hobart Industrial AC Arc Welder. 
“Build Your Own'’ Welder Industrial AC Welder 
Welder & Power Combination ““Weldmobile” Self Propelled 
: % |_| Electric Motor Driven Welder [_] AC-AC Gas Drive Welder and Power Unit 
Gas Drive Portable Welder AC-AC “Build Your Own" Welder & Power 
y [| ‘Build Your Own"’ Welder & Power L | Electrodes 
a care and consideration should be given to {|_| AC Shop Welder |_| New Welder Catalog 
ne selection of quality electrodes. Deposited weld 


nn, made by Hobart Electrodes is uniform, free 
TOM porosity and other imperfections, giving an 


weld surface of fine grain structure and 
* of high ductility and strength. 


Get your copy of this brand 


ta RT ARC WELDER free! 
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Problems in Resistance Welding 
Stainless Steel Railway Car Structures 


By J. H. Van den Beemtt 


E KNOW that “necessity is the mother of 

invention,” but what is “‘necessity?’”’ We 

have all had some experience with necessity, 
such as, when our management or our competitors force 
lemands upon us; and the more unreasonable the de- 
mands the more impelling the necessity. But today we 
must realize another necessity. We must, as a nation, 
produce more efficiently than ever before to maintain 
our standard of living. The time has passed when labor 
can be expected to work as it did in the depression ’30’s. 
Production per man-hour has decreased and we must 
make up the deficit with more efficient equipment. 
Great progress has been made in welding, which is gen- 
erally considered the most economical method of fabri- 
cation, and the AMERICAN WELDING Socrety has played 
a prominent part in stimulating that progress. How- 
ever, as you well know, there are still many problems. 
There is much progress to be made. 


*Scheduled for Twenty-Eighth Annual Meeting, A.W.S., Chicago, II., 
week of Oct. 19, 1947 


t Welding Engineer, The Budd Co., Philadelphia 15, Pa. 


The First Production Dome Car 


ine of Any Railroad Car Manufacturer 


Be Delivered from the Assembly 


While this brief review of the procedure and methods 
employed in the assembly of stainless steel railway cars 
will be interesting, the purpose of the review is not to 
elaborate on any contributions we have made to the art 
of science of welding, but rather to point out some ‘‘neces- 
sities’’ where contributions can be made. 


In 1929 it became apparent to The Budd Co. that the 
strength of 18% Cr and 8% Ni austenitic stainless steel 
could be increased by cold working from 90,000 psi. to 
much higher strengths without lowering its ductility to a 
point where it could not be formed into useful shapes. 
This fact, together with the development of the Shot 
weld Process, has made possible the design and manufac- 
ture of our modern corrosion-resistant railway car and 
truck trailer structures. Many problems had to be 


solved before this industry became a reality. This was 
accomplished by courage and imagination. 

Two basic principles are followed in the assembly of 
these structures: (1) the material is used most advanta- 
geously when spot welded by the Shotweld Process and 
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(2) the greatest possible amount of work is always com- 
pleted in subassembly. 

We assemble a railway car by prefabricating, as nearly 
completely as possible, six major assemblies: namely, 
floor, two sides, two ends and a roof. These units are 
assembled into acar. Thiscarstructure is then mounted 
on dummy trucks and moved along the finish line for 
installation of trim and appointments. When the car 
leaves the plant it is completely finished, ready for 
service. 

The floor assembly consists of a center sill, two side 
sills, two end underframes, two cross bearers and floor 
pans as shown in Figs. 1, 2, and 5. 

The center sill is a welded assembly made of 4 draw- 
bench sections of 0.203-in. stainless steel. These sec- 
tions are welded together with 9 rows of welds at 2'/: in. 
spacing or approximately 2700 welds. This welding is 
done automatically in less than 4 hrs. on the machine 
shown in Figs. 3 and 4. Each weld is pulsation welded 
with 1-in. diam. electrodes, exerting a force of 5500 Ib., 
carrying a current of 23,000 amp. Each weld has a 
minimum shear strength of 20,000 lb. The welder is 
automatically indexed along a track and travels 60 ft., 
the length of the centet sill. The jig clamps ‘drop down 
and the machine passes over them as shown in Fig. 3. 

The weld power, delivered to two transformersmounted 
on top of the welder, is taken from two phases, for 
purpose of better load distribution and is controlled by 
two fully synchronous electronic weld timers employing 

hase-shift heat control. Each of these timers has three 

eat control circuits automatically selected to accom- 
modate the various impedance conditions of the second- 
ary bus system. 

Timers of this type, used exclusively in our stainless 
steel operations, are equipped with sequence control, volt- 
age compensation and Budd Weld Recorder. They are 
fine precision controls and while not quite as complex as 
stored energy timers, they still require highly skilled 
maintenance personnel. There is a great need for a 
simple, yet reliable, flexible synchronous timer. 

The cross bearers are welded to the center sill with a 
portable hydraulic tool as shown in Fig. 1. This tool has 
a reach of 17 in., exerts a tip force of 3300 Ib. and is cap- 
able of delivering approximately 15,000 amp. to the weld. 
It produces a weld of 6300 Ib. minimum shear strength in 
0.090-in. stainless steel. 

Floor pans, which have been previously subassembled 
into groups, are welded to the center sill and side sill with 
portable tools shown in Fig. 5. These tools, delivering 
up to 3600 lb. tip force, require in some cases close front 
clearances, and in others a long retraction stroke, swivel 
cutout electrodes and deep 56-in. yokes. The trans- 
former is of necessity quite high overhead, presenting a 
support and handling problem and requiring a high 
secondary voltage with the resulting high primary de- 
mand. With the new high temperature resistant insula- 
tion materials which are now available, possible small 
transformers could be built into large yokes of this type. 
Current compensators could adjust for variations in out- 
put due to resistance heating. Something of this nature 
would be most useful. 

The finished floor structure as shown in Fig. 13 is then 
inverted and all underfloor equipment is installed in a 
convenient working position. 

The side frame is completely spot-welded stainless 
steel truss type structure as shown in Fig. 6 A and B. 
Much of this welding is done in subassembly of parts. 
However, the 80-ft..side frame is assembled in a jig, ad- 
justable for various car models and to produce the proper 
camber in the finished car. Typical of this welding is 
the setup shown in Fig. 7. The timer and transformer 
with the Budd Weld Recorder are mounted on a truck. 
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The tool is hung from an overhead rail and counterbgj. 
anced for 8'/;-ft. vertical travel from top to bottom of 
the side frame. The tool hanger allows the tool to wel 
with the electrodes as shown, or to rotate 180° to perform 
the welding shown on gusset below the tool. 

Two of the major problems encountered in welding 
this assembly are cable weight and tip replacement. 4s 
the tool is moved from the top to the bottom welding 
position, the weight of the cable applied to the tog 
varies considerably. Low reactance cables and lugs, of; 
fatigue-resistant light-weight alloy would be ideal fo 
this operation, provided a surface preparation producing 
low contact resistance could be developed. It would be 
almost essential that such surfaces be easily replaced the 
user of the cable. 

The extremely narrow tip clearances make it neces. 
sary to solder smail tips to these welding tools, a slow 
and undesirable operation. Longer lasting tips would bx 
most valuable. For the past 10 yr. we have been using 
the same tip materials. With the great strides that have 
been made in other branches of metallurgy during this 
period, is it possible that welding electrode tip materials 
cannot have been improved? No doubt someone has 
tried a soft, high conductivity overlay on a hard deforma. 
tion-resistant back, but there must be other approaches, 

The end frame consisting of end sheets and collision 
posts is assembled in a jig with portable tools. See Fig 
8. This is a typical portable welding tool installation in 
three respects: 

1. It is necessary to hang more than one tool from 
the transformer with the resulting tangle of power, air 
water and control lines. There is a crying need for 
simplification of this jungle. 

2. The X type tool could be made much lighter and 
easier to handle if made from light-weight alloy; thereisa 
great amount of unstressed metal in this type of tool 
But then the problem of tip and cable attachment arises 
when aluminum alloys are used. 

3. With C type tools of large yoke sizes, bad react: 
ance conditions are unaveidable with the equipment nor 
available. 

In some assemblies where welding is done, it is als 
necessary to apply rivets. We have met with some su 
cess in forge riveting with portable welding tools which 
have a concaved electrode tip to forma rivet head. Hal 
inch rivets are being forged with approximately 18,00 
amp. applied for 30 cycles on, 5 cycles off, 5 shots ane 
after 2 shots, when the rivets are fully heated, the ele 
trode force is increased from 3500 to 7000 Ib. There art 
little published data on set-up values and clectrode ma 
terials for this type of work. Are many manufactures 
investing in riveting and welding equipment when tlt 
welding equipment could do both jobs? 3 

The roof is assembled in a cambered jig which is a 
justable for various types of cars. Portable welding to 
are necessary to provide flexibility of equipment. 
essential parts of the roof structure are transverse 
lines, longitudinal purlines and corrugation assemblits 
all stainless steel. Figure 9 shows these parts and equ 
ment. 

The lower corrugation on the sides of the roof # 
backed by a reinforcing plate and serve as a tie betwet 
the roof and side frame assemblies. These parts ® 
some of the roof corrugation seams are roller welded a 
special welder, Figs. 10 and 11. The welder 1s “ 
ary and the 80-ft. one-piece corrugations are welded ys 
end to end as they are driven past the floating wel " 
wheels by drive rolls. Comb pads guide the — 
tions, hold them in line and prevent damage by theo™ 
rolls. 

There are thousands of feet of roller welding 0” * a 
way car. We use seven such welders, including 
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Fig. 12—Roof Trim Station Where Air Ducts, In- 
sulation, Piping, Vent Ducts and Miscellaneous 
Equipment Are Installed 


Fig. 14—-Welding Side Frame to Floor Structure 


portable roller seam welding tools, and we look forward 
to the day when a technique is developed which will pro- 
duce welds made at '/, cycle spacing, which are reliable 
under stress and do not require primers for water tight- 
ness. 

Another problem in roller welder operation is roll shaft 
bearing life. Most machines are built with bushings, 
which must be lubricated to carry mechanical load and 
still conduct electricity at high current density. Have 
the possibilities of copper alloy roller bearings, carbon 
copper brush or mercury pool current take-off devices 
been fully explored? 

After the roof structure is completed it is inverted and 
placed in a cradle, a convenient position to install air- 
conditioning equipment, insulation, piping and wiring, 
and finish trim. The welding operations in this station 
are accomplished in a normal position as shown in Fig. 12. 

In both roof assembly operations and in miscellaneous 
subassembly welding operations, we weld many feet of 
straight flat metal. We have often contemplated the 
possibilities of developing a welding head which would be 
capable of speeds in the order of 300 to 400 operations per 
minute. This head would have an inertia contact mech- 
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Fig. 13—Under Floor Equipment Installation on Right; Assembly of Floor, 


Sides and Ends on Left 


Fig. 15—Welding Roof to Side Frame with ‘Octopus’ Welding Truck 


anism for weld initiation and would utilize electrod 
inertia for electrode force. Some sort of shuttle indexitg 
mechanism would be required toadvance the work throug! 
the electrodes. Possibly a device similar to that used 0! 
a sewing machine. Visualize the possibilities preset 
by this dream. It is well worth serious consideration 
Another device closely related to the inertia tip lor 
head would allow spot welding with an electrode on 0”) 
one side of the sheets being welded. These methods) 
be limited to light sheet, and they may require weld co” 
ing instead of weld forging. They upset some 0! 
established doctrines, but remember, nothing 1s 1p” 
sible. 
The final assembly of the car structure is acc’ ym plishe 
in two stations. In the first station, shown in Fig. \ 
the end frames and side frames are welded to the !!’ 
equipped floor structure. The tool used to weld the , 
frames to the floor, Fig. 14, are 90 in. deep, develop " 
force of 2000 Ib. and have a retraction stroke 01 00" 
are hung one on each side of the car and progress simul 
neously from one end of the car to the other. [i a0" 
nomical method could be found to copper cla’ 
these large welding yokes, which are fabric: 
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steel plate, their electrical characteristics could be 
greatly improved. 


In the second station the equipped and partially trim- 
med roof is applied. The roof connection to the side 
frame is made by welding tools hung from traveling jib 
cranes outside the car and by tools supported by a spe- 
cial device inside the car, Fig. 15. This device has been 
affectionately called ‘‘The Octopus.’’ The Octopus, 
which contains two welding transformers, has an electric 
motor drive, air motor tool lifts and a 10-ft. spread. It 
will support interchangeable X type tools and C type 
tools and can be removed from the car through a 26-in. 
doorway. 

We have, in these operations, an active welding re- 
search laboratory. We weld stainless steel, mild steel, 
low-alloy steel and aluminum. Our equipment includes 
about a dozen special welders, many pedestal welders, 


hundreds of portable welding installations and nearly 
1000 portable welding tools; and most of this equipment 
we have designed and built in our own plant. However, 
those developments which are most valuable to us are 
not the special $50,000 welders but the little things that 
apply to all our welding operations. Those develop- 
ments which are the greatest aid to industry, and fre- 
quently bring the greatest return, are simple things. It 
is not necessary to sell expensive special equipment to 
make a profit; consider the Smith Brothers. 

The day is not far off when we will be able to place any 
thickness of material between the electrodes of a welder, 
and an electronic control will automatically adjust the 
current to the required value and interrupt that current 
when a weld has formed. This development and many 
others lie ahead of us. The formula for their accomplish- 
ment is courage and imagination. 


Shunt Circuit Impedance in Spot 
Welding and '/.-In. Mild Steel 


By Robert H. Blair’ 


N spot welding parts where more than a single weld 
is used, it is a commonly known fact that contiguous 
welds frequently do not have the shear strength 

characteristic of the initial welds. This is due to the 
fact that the initial weld provides a shunt current path 
around the contiguous weld so that a greater part of the 
available secondary voltage appears in the transformer 
and throat and less across the nugget area of the work 
impedance. However, since both the weld current and 
shunt current pass through the electrode contact area of 
the second weld, the surface heating around the electrode 
will give a false indication of the nugget size of the sec- 
md weld. Shunt effect can never be considered to have 
any advantages in spot welding, but, on the other hand, 


trode itneed not be any serious disadvantage except when the 
dexing Im lack of understanding of the effect of shunt current vari- 
hrough bles allows one to be mislead by false external sheet 
ised appearances. 
asented The magnitude of this 60-cycle shunt effect is affected 
tion y such factors as welder impedance, spot spacing, sheet 
ip force width, location of shunt path with respect to throat field, 
on only fim sheet temperature. 
ys ma¥ Figure 1 shows an experimental curve obtained by 
Jd cool Welding '/, in. x 3 if. mild steel with all factors held con- 
, of ont tant except shunt distance. All welding? was done on a 
impos laylor-Winfield ERB-30-150 welder with a synchronous 
‘ontrol, Due to the necessary gripping area necessary 

iplishel MMM ‘© Shear test welds in this size stock, it was found prac- 
Fig. | cally impossible to separately test welds made closer 
he fully MR “2 2'/> in. and for this reason the curve could only be 
the side ‘stumated for shunt distances less than 2'/2 in. 

cop Figure 2 shows a schematic welder circuit having trans- 
jn. ae "her and throat impedance, work impedance and shunt 
week of for, Twenty-Eighth Anoual Meeting, A.W.S., Chicago, IIl., 

an Experimental The Taylor-Winfield Corp., Warren, Ohio. 
or pe wheduic renee Fig. 1 to a Class B weld is made merely to designate a weld 

Sade weld or weld and does not infer a secon 


circuit impedance. As the transformer and throat im- 
pedance is reduced, the less the percentage of the total 
available voltage appears in the throat due to the flow 
of the shunt current. If the welder could have zero 
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iunpedance, the electrode voltage would remain constant 
regardless of the amount of shunt current and the amount 
of current loss suffered in the contiguous weld would be 
measured by the product of the shaded portion of Ry 
(mainly electrode contact resistance) and Js. For this 
reason, under a given set of condtions the magnitude of 
shunting effect is peculiar to the welder impedance and 
is less for the low impedance welder than it is for the high 
impedance machine. Also it is erroneous to say that the 
shunting effect becomes negligible for a given piece of 
stock at some shunting distance unless one can also 
specify such values as the shaded portion of Ry, Rr and 

For purposes of quantitatively determining shunt im- 
pedances and of determining the effect of shunt distance, 
sheet width and stock thickness on the shunt impedance, 
a series of sheets 24 to 36 in. in length and of various 
widths was used. These sheets covered the stock thick- 
nesses of '/2,'/,gand'/sinch. The effective shunt voltage 
is some voltage existing between the electrode surfaces of 
the work (probably the average voltage), and in order to 
avoid the difficulties and errors in measuring this effective 
voltage, measurements of shunt voltage were made at a 
distance from the electrode (see Fig. 3). This method 
was followed consistently in all sheet widths and stock 
thicknesses and although these shunt voltage measure- 
ments do not include the voltage drop of the current 
concentration area around the electrode (see Fig. 4), 
they do give good and consistent comparisons between 
stock thicknesses and widths. Also shunt impedance 
values recorded by this method are independent of elec- 
trode force and size and welder characteristics. 

Voltage contact points on the shunt circuit were made 
by means of No. 2 drive screws located at distances 
measured from the center of the shunt weld and on a line 
from the shunt weld to the electrode. Sheet mica of 
'/ in. thickness was placed between the sheets over their 
full length so that all transformer current was shunt cur- 
rent. When shunt currents were of low values (10 to 
600 amp.), current measurements were made in the sec- 
ondary of the welder. The shunt circuit was kept cov- 
ered with a water flow to maintain shunt circuit tempera- 
ture as near a fixed temperature as possible. At high 
currents, stock temperature control was rather difficult 
under the best cooling conditions, but several readings 
were made on each impedance measurement with as 
short a current flow period as possible to obtain meter 
readings. 


Initial welds in all sheets were made according to a 
Class B schedule. Some thirty impedance curves were 
plotted showing impedances for shunt paths in various 
sheet widths and over the range of sheet thickness. 
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KR... where K is the 60-cycle skin effect factor of th 
shunt circuit if it were nonmagnetic (permeability unity 
and Ry... is the d.-c. resistance of the shunt circutt 
However, it is practically impossible to drive the permea 
bility of the steel to unity and for this reason, the shunt 
impedance under the highest practical currents will bx 
something greater than the A R,... value. 

The shunt circuit is analogous to an iron core reacto! 
having a very great number of one-turn coils in parallel 
The steel fibers along the faying surface are representeé 
by the shorter turns next to the iron core, which due ' 
their shorter length, will have a tendency to carry 
unequal portion of the load current. In the shunt circu! 
the flux and current carrying elements being one and thi 
same, the shorter fibers along the faying surface in takin 


Typical examples of these curves are shown in Figs. 5, 6, 
7 and 8. 

Figure 5 is a single impedance-shunt current curve for 
1/,- x 3-in. stock taken at 16 in. distance. This variation 
in impedance is due to the variation in the reactive com- 
ponent as the permeability of the steel in the shunt path 
changes. A slight amount of shunt current rapidly 
raises the permeability and impedance to a maximum and 
as the shunt current increases, the impedance decreases 
as the lowered permeability affects the reactive com- 
ponent. The impedance approaches a value equal to 


Ze Z. = 60-cycle shunt impedance 
M under very low shunt cur- 
rent 


KRoc Ra. = d.-c. shunt impedance an over portion of the shunt current, create a permeabi 
win ts ity gradient through the sheet which produces a ve!) 

significant skin effect much greater than found in a 10! 

magnetic shunt path. 

Figures 6, 7 and 8 are typical shunt impedance-shu" 

current curves. Stock thicknesses were '/2, anc 

Zs in. and sheet width in all cases was 6'/s in. [or sto 


Xe 


Shunt impedance at a maximum thicknesses in this range, it is seen that shunt impeca" 
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varies only 2 or 3% from one stock thickness to another, 
or is practically independent of stock thicknesses. 

As to what happens in the shunt circuit, consider cur- 
rent elements and directions as shown in Figure 10. The 
effective shunt voltage sees a shunt impedance of varia- 


ble inductive reactance. and 60 cycle resistance. The 
shorter path along the faying surtace and the common 
skin effect of adjacent conductors causes the current to 
start a concentration along the faying surface. This 
incipient current concentration immediately aggravates 
itself by causing a flux saturation to start at the faying 
surface and drive the reactive component downward in 
this region producing a decided current concentration 
area. Stray flux from elements A and B tends to help 
saturate the faying surface steel in the other sheet by 
acting additively. This skin effect is such as to make the 
shunt impedances in '/2-, '/,- and '/s-in. sheets of equal 
widths and shunt distances look practically alike. At 
3000-amp. shunt current, the impedance at 4-in. shunt 
distance in 6'/s-in. width sheet for '/;-in. stock is 117 
microhms; for '/4-in. stock, 115 microhms; and for !/2- 
in. stock, 112 microhms. This 2 or 3% reduction in 
impedance as sheet thickness increases can be attributed 
in part to the lowering of the impedance of the nugget 
section as 1ts area increases. 

Elements x and y in Fig. 10 do carry some current in 
parallel with A and B. The greater number of these 
remote low-current elements in '/»-in. stock over the 
number in '/s-in. stock would seemingly make the shunt 
ath in '/-in. stock look more conductive. However, it 
nust be remembered that the additional steel in the '/>- 
in, stock makes the circuit more reactive to compensate 
for the reduction in resistance affected by the greater 
stock thickness. Test results indicate that this compen- 
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sating effect is remarkably well balanced over the range 
of voltages used in welding. 


Stock Thickness, ZA. ©: (60 cycles) 
In. Sheet Width Aiea 
3 1.32 
61/s 1.77 
1/, 10 2.06 
3 2.29 
1/, 3.35 
10 3.95 
1/, 3 4.25 
61/5 6.50 
1/, 10 7.95 


Shunt current = 2000 amp. Shunt distance = 6 in. 


The above table shows a ratio of 60-cycle shunt im- 
pedance to d.-c. shunt impedance for a given shunt cur- 
rent and spot spacing. For lower currents the ratios 
increase considerably and for greater currents the ratios 
decrease to a lesser extent. The ratios indicate the 
rapidity with which the d.-c. shunt impedance decreases 
as stock thickness increases, whereas the 60-cycle imped- 
ance remains practically constant for the subject range of 
sheet thickness. 

The data for Fig. 11 was taken under a different setup 
to include the current concentration impedance around 
the electrode. A weld of Class B was again placed near 
the end of the sheets and '/s-in. mica sheet placed be- 
tween the sheets so that all transformer current became 
shunt current. Instead of using drive screws for poten- 
tial points, shunt voltage was measured from two strips 
of 0.010-in. copper strip placed on both sides of the mica 
directly between the electrodes and insulated from the 
steel except for an area at the end of the strip equal to 
the area and diameter of the electrode contact surface. 
The shunt circuit was again water cooled and the voltage 
on the copper strip terminals was held constant at 250 
millivolts. 

Figure 11 shows the a.-c. and d.-c. shunt impedances 
for various sheet widths and shunt distances. Note 
how the a.-c. shunt impedance always remains consider- 
ably higher than the d.-c. impedance and the rapidity 
with which the a.-c. impedance increases at increased 
shunt distances and reduced currents where the reactive 
component becomes very significant. 

Total shunt impedance can be determined from sample 
curves shown in Figs. 6, 7 and 8 by compensating for 
one additional current concentration region. 

Three tested methods can be used to artificially in- 
crease the a.-c. shunt impedance: (1) by use of ‘‘clap- 
pers’’; (2) by keeping the shunt circuit outside the welder 
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throat; and (3) by taking advantage of heat in the weld 
stock produced by previous welds. 

“Clappers’”’ amount to external additions of steel to 
the shunt circuit and so named from the way they clap 
into place over the shunt circuit when the first surge of 
shunt current begins to flow. ‘‘Clappers,” '/,x 3x 8in., 
held to the electrodes by means of cantilever springs so 
that they rested approximately an inch away from the 
weld sheets, were quickly drawn into contact with the 
shunt path and reduced the shunt current by amounts 
proportional to the effective shunt voltage. As soon as 
current flow ceased, the clappers drop back into rest 
positions clear of the weld sheet. 

A second method to affect an increased shunt imped- 
ance amounts to moving the weld stock from the throat 
outwardly as the spot pattern is followed instead of into 
the throat. The throat field helps saturate the steel in 
the shunt path reducing the reactive component of the 
shunt impedance. This effect is more pronounced, the 
heavier the sheet stock and the greater the throat cur- 
rent. For '/4- x 3-in. stock and only 2000 amp. throat 
current, the shunt impedance outside the throat was 21% 
above the shunt impedance when the shunt circuit was 
in the welder throat. 

Figure 12 indicates how shunt impedance changes as 
the temperature of the sheet changes. From this it can 
be seen that in production it is better from a kva. demand 
and weld consistency standpoint (considering no correc- 
tion in the voltage for shunt current) to follow a spot 
pattern as rapidly as possible going from one weld to 
next nearest weld. 

As a test check on the foregoing measurements, a group 
of 48 shunt welds was made in '/,-in. sheet, 5 in. in width. 
This stock was certified as X-1020 (Fig. 13). Sheets 
were 12 in. in length. 

Stock was pickled and wheel brushed and the surface 


Sant WELD 
Fig. 13 


maintained as uniformly as possible. All machine set. 
tings were held constant for the entire 96 welds and weld. 
ing was done at a time when there was little outside dis- 
turbance on power and water supplies. All welds, both 
first and second, were made with the stock cooled to room 
temperature. 

This group of welds was divided into three series: 

Series A. The shunt circuit outside the throat, that 
is, 9 in. of the sheet was outside the throat and 3 in. in- 
side. First welds were made with the stock in this same 
position to maintain the same amount of steel in the same 
proximity of the throat for all welds. 

Series B. Same as Series A except 3/,- x 5-in. wide 
clappers were used over the shunt circuit. All first welds 
were made with the clappers in position for the same 
reason as given above. 

Series C. The shunt circuit was in the throat, that is, 
9 in. of the sheet was held in the throat for both first and 
second welds and 3 in. outside. 

Not knowing how much effect manipulation of the 
shunt current would make on these welds, it was decided 
to use a weld schedule where variation of shunt current 
would have some readily notable effect on shear strength. 
The machine settings were arranged to give the same 
Class B weld schedule used in Fig. 1 where the average 
single spot shear strength was 17,570 lb. The current 
was slightly reduced from this schedule where the single 
spot shear strengths fell between 15,000 and 16,000 Ib. 
which gave assurance that the current-strength charac- 
teristic was not flat for this current level. Although the 
slope of the current-strength curve was not known for 
this point of operation, it definitely is in the range of 
practicality and could very easily be the operating point 
with the original 17,570-lb. shear-strength schedule where 
some of the current was being by-passed to one or more 
shunt welds. 

All first and second welds were separated into separate 
shear specimens and shear tested. Results showed that 
in Series A, second welds tested 65.1% of first welds; 
in Series B, second welds tested 100% of first welds (only 
16 lb. difference between average of first and second); 
and in Series C, second welds tested 48.7% of first welds 
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_ Integral Bosses for Pressure Vessels 


By H. L. Anthony and H. P. Schane’ 


Introduction 
HIN-WALL pressure vessels are fabricated in 

, large quantities: some according to pressure ves- 
d sel codes, others to noncode construction. In the 

thin-wall pressure vessel field, openings for pipe connec- 
le tions are important in the design and construction of 
d {& these vessels whether the openings or bosses are attached 
it #% in the head or the shell. Through these openings liquids 
h. ind gases flow under pressure to points of use. In many 
1e cases severe mechanical abuse is given to the connectors 
ye luring initial installation and subsequent life of the ves- 
nt sel. Fatigue, vibrational stresses and corrosion are con- 
le ditions under which bosses are required to operate in ser- 
b. vice. 
\C- In designing bosses for thin-wall, unfired pressure ves- 
he sel service according to the A.S.M.E. Code, it is not neces- 
for &® sary to reinforce openings in the vessel wall where the 
of pening does not exceed 2 in. in diameter.! The use of 
int such bosses, having openings of 2 in. and less in diameter, 
ere s extensive in the thin-wall pressure vessel industry, and 
ore t has been estimated that over twenty million bosses of 


this class are used annually. It is this class of integral 
ate boss that will be described in this paper. The integral 
hat boss can be made in all sizes from the '/s- to the 1'/2-in. 
pipe-tap diameter having thread depth sufficient to com- 
ply with code? specifications. In sketch form, Fig. 1 
id); gives the dimensions of these bosses for A.S.M.E. Code 
Ids requirements. 


Types of Thin-Wall Pressure Vessel Openings 


Generally, the openings or bosses in thin-wall pressure 
essels are attached by one of the following procedures: 
|) by manually welding, either by arc or by gas, a forged 
tT cast boss to the wall of the vessel where an opening has 

deen provided for such a connector; (2) by projection or 
; ‘sistance welding a machined or coined boss in a punched 
pening in the wall of the vessel; (3) by pressing me- 
tamcally a forging or a machined boss in an opening 
provided in the wall of the vessel; (4) by brazing a boss 
Ta connector with either low- or high-temperature braz- 
ig alloy in a suitable opening in the wall of a vessel. 
Where manually welded bosses are employed on thin- 
wall pressure vessels, the welding rate on an incentive 
sis becomes an important factor in cost and is generally 
snceded to be the most expensive process. Some proc- 
‘ses of welding bosses manually in the shell and heads of 
essels require a bare-wire electrode with the result that 
cessive porosity develops and subsequently leads to 
‘ugh and costly repairs; such processes apply to noncode 
maka, Even with coated electrodes on single pass weld- 
‘ug the opportunity for leaks generally depends upon the 
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Projection and resistance welding of bosses can be ac- 
complished economically after the purchase of expensive a 
electrical equipment. In most cases such equipment can 
only be justified on the power-cost basis where the energy 
demand of these machines does not exceed the normal 
peak for other necessary electrical equipment. Resist- 
ance-welding machines of this type are usually designed 
specifically for one or two sizes of bosses and lack flexi- 
bility on sizes and shapes. Although the resistance 
welding of bosses is exceedingly rapid, care and main 
tenance of the dies and equipment are essential for long 
production runs without leaks. Bosses attached by the 
resistance welding process have not been accepted for the 
construction of vessels under national codes. 

Pressed bosses have been used to some extent by vari- 
ous manufacturers in range boiler construction primarily 
for the side-arm heater and thermostat bosses. This 
type of boss is cold-pressed in punched openings. The 
operation is rapid, but the final attached boss has a 
number of inherent disadvantages, namely (1) a loose 
boss can easily develop if good punch edges are not main- 
tained for pressing, (2) in making pipe connections to this 
type of boss, often high torque loads applied. by a wrench 
will cause the pressed boss to leak, (3) during curling and 
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coining of the pressed boss, cracks may develop in the 
skirt of the boss that may lead to subsequent leaks and 
(4) where a pressed boss is found to leak, it is generally 
repaired by welding the complete circumference. 

Both low- and high-temperature brazing alloys are 
used to attach bosses to the wall of pressure vessels. 
For small containers the process has worked out satis- 
factorily on such vessels as insecticide bombs or filter 
reservoirs, but for larger vessels welding processes ‘are 
generally preferred over brazing. 

With the integral boss many of the previously men- 
tioned individual disadvantages are eliminated since the 
boss becomes a sound integral part of the vessel itself. 

Several sections of the common 
type A.S.M.E. bosses, which are used 
in the thin-wall vessel industry, are 
shown in Fig. 2. Three types of 
pressed metal bosses are exhibited in 
Fig. 3. The upper section in this 
figure represents the best in this class 
of boss; the most undesirable type of 
pressed boss is shown at the bottom 
of the figure. 


The Integral Boss 


Typical integral bosses are dis- 
played in Fig. 4 as companionate sets 
of */s- and 1'/9-in. sizes in the as- 
polished and in the as-etched condi- 
tion. Bosses of this type eliminate 
the notch effect from the root and 
face of welds by being an integral part 
of the vessel wall. In the A.S.M.E. 
Code for unfired pressure vessel re- 
quirements, it is only necessary to 
have four full threads for the */s-in. 
and five full threads for the 1'/»-in. 
boss. These bosses fully meet these 
requirements. 


A New Process of Casting Integral 
Bosses 


Research here has demonstrated 
that integral bosses can be made on 
all thicknesses of plate without diffi- 
culty up to and including the 1'/2-in. 
size boss. On sheet it has been found 
that No. 18-gage is the minimum 
thickness on which integral bosses can 
be made. A sectional elevation of 
the equipment that has been employed 
to make integral bosses on pressure 
vessel shells is given in Fig.5. Here 
is illustrated a section through the flux 
head and the boss dies that show the 
essential setup for welding integral 
bosses on cylindrical shells. In Fig. 5, 
(a) is the flux normally used in the 
automatic submerged arc-welding 
process; (b) is the electrode which is 
fed concentrically into the hole of the 
upper copper die; (c) is the clamp for 
holding the upper copper die against 
the cylindrical shell; (d) is the copper 
die which imparts the resulting shape 
to the boss during the cycle of metal 
deposition; (e) is the shell of a pres- 


No. 1, #/s-in. forged boss with notch effect; No. 2, !/3-in. forged boss with not 
fect; No. 3, */;-in. forged boss with notch effect; No. 4, 1-in. forged boss with MPI”) 
fect; No. 5, 1'/2-in. forged boss with notch effect; No. 6, 2-in. forged boss wit? ""™ 


the copper back-up die (g); (f) is the female copper 
back-up die which surrounds the copper back-up die 
(g) and provides a water cooling area (/); the nut (h) 
locks the welding electrode ground to the copper back-up 
die (g); (j) shows the integral boss being cast with the 
molten flux (&) on the top of the integral boss and con- 
tained in the copper die (d). An actual photograph of 
welding being done on this fixture is shown in Fig. 6. 


Features of the New Process 


Either new flux or reground used flux can be utilized in 
the welding of integral bosses. It has been found that 


Fig. 2—Macrographs of Manually Welded Forged Bosses Cut from A.S.M.E. Tanks 
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Fig. 3—Mechanical Bosses, Commonly Called Pressed Bosses, Employed in the Construction of Range Boilers 
and Heater Shells, Etched to Show Mechanical or Frictional Fit to the Shell of the Boiler. 3%Nital. x 3 


Table 1—Welding Data Chart for Integral Steel Bosses 


Over-All 
Height 
Including Han- Elec- Weight of Weight of 
Boss Boss Plate Weld dling trode Electrode Flux 
Pipe O.D. Thickness, Time, Time, Diame- per Boss, __ per Boss, 
Size, In. In. In. Sec. Sec. ter, In. Volts Amp. Lb. Lb. Type Flux 
I/, 0.563 1/4 5 30 3/16 30 490 0.011 0.011 L-660 through 60-mesh 
1/, 0.719 5/6 9 30 3/16 30 490 0.019 0.019 L-660 through 60-mesh 
3/, 0.875 5/6 16 30 3/16 30 490 0.036 0.036 L-660 through 60-mesh 
V/s 1.063 3/s 16 30 3/16 38 640 0.056 0.065 L-660 through 60-mesh 
3/, 1.313 3/, 21 30 3/16 38 640 0.096 0.130 L-660 through 60-mesh 
l 1.660 7/16 30 30 3/16 38 640 0.189 0.261 L-660 through 60-mesh 
1'/, 2.054 7/16 35 30 3/16 40 740 0.280 0.392 L-660 through 60-mesh 
1'/, 2.300 1/, 50 30 3/16 40 740 0.426 0.596 L-660 through 60-mesh 


reground used flux works adequately in the welding 
of integral bosses, especially if it has been ground to pass 
60-mesh. By having a finely ground flux, bubbling and 
surging of the flux are held to a minimum during the 
period of metal deposition. 

Under all circumstances it has been found advisable to 
use a copper water-cooled back-up die on material */,,-in. 
and under in thickness because a large quantity of heat is 
concentrated within a small area. About 2 gal. of circu- 
lating water per minute were used to weld the 1'/2-in. 
integral boss. If a large number of bosses is to be made 
in a sequence of continuous operations, it has been found 
advantageous to have the upper copper die water cooled. 

Table 1 gives the necessary data in welding integral 
bosses from to 1'/9-in. size using electrode; 
lor example, the '/s-in. boss can be made in 5 sec. while 
the 1'/-in. boss can be completed in 50 sec. The weld- 
ing time for other size bosses as well as the current and 
voltage are also given in Table 1. Other sizes of elec- 
trodes from '/s- to 5/is-in. diameter can be used to weld 
integral bosses; with the smaller diameter electrode, the 
welding time is increased and conversely with 5/j,-in. 
‘lectrode the welding cycle is decreased. Primarily, for 


flexibility 3/3 : . : Fig. 4—Integral Bosses Taken from the Shell Wall of Two 
eubility, the */1-in. diameter electrode can be used for Vessels in the Longitudinal Direction. Upper Companionate 
r to /2-in. boss sizes. Bosses As Polished; Lower Companionate Bosses Etched 
_ The welding time on the 1'/,- and 1'/2-in. bosses can in 3% Nital. Magnification, full size 


* reduced with the */\s-in. electrode, provided the ma- 
eral and the copper die will dissipate the increased heat 
‘tom higher amperage. As the boss diameter increases, entire boss exhibits a surface appearance analogous to 
Tis necessary to raise the voltage in order to spread the that of a submerged arc type of weld. ; 
“posit in the area of the upper copper die and at the In designing the boss opening in the upper copper die 
“me time increase the amperage for an increased rate of ' / ys in. is allowed on the die diameter for the flux envelope 
clectrode deposition. that develops on the circumference of the mold in the 
One of the unique facts surrounding this integral boss welding cycle. The flux film is very consistent in thick- 
Process is the formation of an envelope of flux around the _ ness for bosses in the size of '/s- to 1'/:-in. and averages 
“nag during the deposition of metal. Not only does the '/z in. 
~. femain in situ on top of the boss, but also a film of The deposited metal generally will assume the shape of 
a /«-'/»-in. chills on the face of the upper mold and the upper copper mold. A fillet of '/\s- to '/«-in. radius 
y encloses the boss. Upon removal of the flux the can be machined on the lower circumference of the upper 
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vessel wall, the solid boss can ke & 
~ drilled out or punched. Either hot 
or cold punching of the solid boss has 
( — been found feasible prior to reaming 
| and tapping. Because of metal drag 
during cold punching, it has been 
B. )| found advisable to use a punch ap. 
proximately '/, in. less in diameter 
co — than the drill size suitable for tapping 
Up Following the punching operation the 
boss is reamed and tapped. 
Integral bosses ranging from to 
GAA 1'/, in. in size with attached nipples 
lsc are shown in Fig. 8. Bosses welded 
by this process give the appearance oj 
a streamlined connector without ex. 
ternal and internal weld metal that 
normally accompanies this type of 
connector. Integral bosses with the 


Gaanuareo Fius 


EEE) Casr Boss nipples removed are illustrated 
rit Sree ° 
: BEd Gasxer Fig. 9 after punching and tapping 
The streamlined appearance of the 
boss is again displayed. F; 
Fig. 5—Sectional Elevation of Die Equipment for Casting the Integral Boss on Commercial automatic welding 


Cylindrical Surfaces - electrodes were employed in making 


these bosses and in the as-welded 
copper die so that the resulting boss will be provided with cold-punched condition the bosses were readily threaded 


a fillet from the boss to the parent sheet or plate. after reaming by means of an interrupted tap. ane an 
By retracting the electrode wire at the end of the weld- A feature of the integral boss welded on the outside of ause © 
ing cycle prior to cutting off the welding current,a dimple the vessel is the drainage advantage it possesses over The 
can be formed in the diametric axis of the boss for the flanged, sleeve and peened bosses. This advantage is from tl 
purpose of subsequent cold or hot punching. A series exemplified in the process of galvanizing certain types o! if the } 
of integral bosses, neither punched nor threaded, with pressure vessels where it saves on the average of one-hall sizes of 
flat die setups are shown in Fig. 7. pound of zine per vessel. Normally this half pound oi remelti 
After the boss has been made an integral part of the gainst 
ness de 


tact wi 
struck, 


Fig. 7—Experimental Die Arran sient for Welding Integr Fic 
Fig. 6—Fixture for Welding Integral Bosses on Short-Length Bosses on Flat Sheet, Showing Copper Dies, Welding Hee 
Cylindrical Shells and Resultant Bosses 
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Fig. 8—A Group of Integral Bosses with Nipples Ranging from '/,-In. to 1'/:-In. Pipe-Tap Diameter 


Center top, 1'/2:-in. boss; 


unc and possibly more is retained within the vessel be- 
ause of flanged inside or peened bosses. 

The series of bosses shown in Fig. 10 is displayed 
‘rom the copper die back-up side or the internal surface 
f the pressure vessel. On plate thickness of */,s in., all 
sizes of integral bosses up to 1'/, in. can be made without 
remelting to any extent the interfacial contact metal 
igainst the copper back-up die. Where the gage thick- 
uess decreases to nine and less, the metal surface in con- 
tact with the copper back-up die melts when the arc is 
struck, but the molten metal is immediately solidified by 


left, '/,-in. boss; 


center, */,-in. boss; right, l-in. boss. 


the water-cooled copper back-up die. Examples of these 
conditions are also presented in Fig. 10. In the upper 
row, left, a '/,-in. tapped boss has been welded directly 
through a No. 12 gage sheet. In the center of the same 
row are two unpunched 1-in. bosses on */,,-in. plate. 
The same row, right, is a l-in. boss on No. 12 gage sheet 
showing the extremities of actual metallic fusion. In the 
lower row of this figure at the left appears the copper 
back-up side of a */,-in. integral tapped boss on No. 14 
gage sheet showing its area of fusion. 

The largest size integral boss included in this paper is 


Fig. 9—Integral Bosses Ranging from '/,-In. to 1'/:-In. Threaded Pipe Tap without Screwed-In Nipples 


Center top, 1'/2-in.; left, 1-in.: 


right, #/,-in.; 
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the 1'/.-in. pipe-tapped boss which has an outside di- 
ameter of 2.3in. This size boss appears in Fig. 11, where 
the integral boss is shown before punching and after tap- 
ping. The solid integral boss on the right illustrates the 
surface dimpling which is produced by retracting the 
electrode at the end of the period of welding. 


Technical Advantages of the Process 


Data included in this report are concerned only with 
steel bosses, but other metals can also be welded as in- 
tegral bosses. Such metals as stainless steel, Everdur 
and Monel can be cast into bosses by this process. 
Samples of Monel bosses on No. 18 gage Monel sheet are 


shown in Fig. 12. At the left in this figure appears a 
*/s-in. integral Monel boss with a nipple connection, 
while on the right a '/.-in. Monel integral boss is shown 
solid. Stainless steel and Everdur can be cast in an 
analogous fashion, the variation in the process being 
chiefly the type of flux used for each metal. 

Another advantage to be emphasized in this process js 
the soundness of the integral boss, especially where hun. 
dreds of thousands of these types of bosses are used each 
month in the light-wall pressure vessel industry. Such 
examples as propane cylinders, domestic range boilers, 
air receivers, pneumatic tanks, A.S.M.E. Code vessels, 
and containers constructed to other codes and where each 
tank or vessel must be physically inspected for leaks, 
sound, leak-free bosses have a considerable advantage. 


Fig. 10—Integral Bosses As Welded and After Punching, Reaming and Tapping, Showing the Condition of 
Fusion on the Bottom of Sheet and Plate 


Upper row: Left, '/s-in. tapped boss as viewed from the inside diameter of a 12-gage pressure vessel shell 
Center, two l-in. diameter bosses as welded viewed from the inside diameter of a */,-in. wall pressure vessel 
Right, l-in. diameter tapped boss as viewed from the inside diameter of a 12-gage pressure vessel shell. Lower 
row: Left, 1'/2-in. diameter tapped boss as viewed from the inside diameter of a 7-gage pressure vessel! shel 
Right, */,-in. diameter tapped boss as viewed from the inside diameter of a 14-gage pressure vessel shell. 


Fig. 11—1'/;-In. Pipe-Tapped Integral Boss on */;.-In. Plate Showing the Boss Prior to Punching, Reaming 
and Tapping 
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Monel 


Fig. 12—'/,-In. Integral Monel Bosses Cast on 0.050-In. 


Leak-free integral bosses have their advantage in gal- 
vanized vessels where boss leaks require extensive repairs 
and the regalvanizing of the vessel. 

The soundness of the integral boss is demonstrated in 
Fig. 13. A group of etched sections is included in this 
figure. Starting from the top of the photograph the 
integral cast boss sizes are '/,, '/s, */4, 1 and 1'/, in. on 
various plate and sheet thicknesses. Each section has 
been etched with 3% Nital to show the macrostructure of 
the integral boss and the extent of the fusion and heat- 
affected zone surrounding the parent plate and sheet ma- 
terial. Figure 13 also reveals the dimpled effect on the 
top of the integral boss which was mentioned previously 
in connection with the retraction of the electrode at the 
end of the welding cycle. Like other weld deposits of the 
same nature, the macrostructure is dendritic and each 
integral boss has its own fusion and heat-affected zone 


4 
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C. Grain Growth Area Into the Weld Metal 
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ig. 14 Photomicrographs in Panorama of an Integral Boss 1 In. in Diameter with Knoop Hardnesses as Indicated 
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Left, 1/.-in. tapped integral boss with nipple; right, '/2-in. boss 
A. Parent Metal Into the Transformation Zone Pree 
| 
B. Transformation Zone Into the Grain Growth Area 


~ 


Fig. 13—Sections of Integral Bosses from the '/,-In. to the 


1'/,-In. Pipe Tap Size Etched to Show the Structure and Sound- 


ness of the Bosses 


Reading from the top down: !/,-in. boss on 12 gage; #/s-in. boss 


on 12 gage; '/: in. boss on 12 gage; 1-in. boss on 7 gage; 1'/,-in. 


boss on 3 gage. 


Fig. 16—Etched Sections of '/,;- and */,-In. Integral Bosses 
Given Bend Tests to Illustrate the Ductility at the Fusion Zone 
of the Boss. 3% Nital. x 2. 


that would characterize a submerged arc weld if a linear 
deposit were made on the same material. By reheating 
the integral boss above its transformation point and 
allowing it to cool in air, the cast dendritic structure can 
be obviated by this heat treatment. 

In the normal course of depositing integral bosses on 
shells of pressure vessels or on flat plates and sheets, very 
little if any distortion is noticeable in the parent metal 
Integral welding of bosses is somewhat different than 
normal linear welding in that the integral boss itself cools 
very slowly after the deposition cycle and shrinkage 
stresses are relieved by the thermal energy stored in the 
boss metal from welding. 

A panorama of an integral boss 
photographed at 100 magnifications 
constitutes Fig. 14. Over these 


microscopic areas, from the parent 
metal to the boss metal, Knoop 


hardnesses have been taken at in- 


crements of 0.002 in. A hardness 


curve for this area is given in Fig. |) 
The Knoop hardnesses in this area 


parallel approximately the resulting 


hardnesses from a limear weld on 


this same material. 


Figure 1 6shows two integral bosses 
which were subjected to bend tests 


a method of determining qualita 


tively the interzonal ductility of th¢ 


parent metal and the integral boss 
A considerable variation in sec 


tion and shape can be obtained by 


this process of welding integral 


bosses. The integral boss canuot 
only be placed on the external area 


of a pressure vessel, but also on the 


inside wall of the vessel. 


Integral bosses can be welded 
square, round or ellipsoidal in shape 


but, in general, the round integral 


bosses are preferred for pressur 


vessel use. Two etched sections “ 


integral bosses that are approx: 


Fig. 15—Knoop Hardnesses of an Integral Boss from the Parent Metal to the Weld Metal 
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mately one-half the distance througlt 
the vessel wall are shown in Fig. |’ 
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} ve, and less, are used annually in this type of container 


three to four million of these bosses are used each year. 
By using this type of integral boss the inventory on sizes 
of bosses could be held within the limitations of electrode 
diameter at a considerable cost advantage. 


The Process in Operation 


An example of equipment used to weld integral bosses 
on range boiler shells is shown in Fig. 19. The equip- 
pa ment merely consists of an automatic submerged arc- 
ss roi mame type welding head and a fixture for the location of bosses 
Sa he F! 5 ea and copper dies for metal deposition. In this figure a 

' l-in. integral boss is being welded on the shell of a No. 


Fig. 17—Macrostructures of '/,- and */,-In. Diameter Integral 
Bosses in Section Showing Some Producible Contours and 
Shapes. 3% Nital. 


Shape Use 


Stud Projection 


Boss for Pulley- or Wheel-Hubs 


ra 2, Double Boss for Bearings 


Boss Pad 


Fig. 19—A Machine Setup for Welding Integral Bosses on 
ene ET ca Stud Bolt Pad Range Boiler Shells Showing Welding Head and Upper Cop- 


per Die 


Pracket Bar 


Fig. 18—Other Possible Shapes Obtainable by the Integral 
Process 


{he method by which the integral boss is recessed is ac- 
omphshed by changing the contour of the back-up die. 
\ number of sectional variations can be obtained by this 
neans if the design of the structure warrants the change 
‘rom the normal outside integral boss. 

Uther possible sections which can be obtained by this 
nethod of welding are illustrated in Fig. 18. By having 
‘Ae proper amperage and current, a */,.-in. diameter elec- 
‘rode can be made to weld an integral boss 3 in. in di- 
‘meter for these sections. 

_It has been estimated in the thin-wall pressure vessel 
ield that over twenty million bosses of 11/2 in. in pipe 


Fig. 21—Experimental Setup for Welding Integral Bosses on 


nstruction. In the domestic range boiler field alone Saddled Dished Heads 
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Fig. 20—Integral Bosses on Range Boiler Shell Stock (No. 14 
Gage) and on Range Boiler Heads Fig. 2 


Center back, 14-gage rolled shell with integral bosses; 
front, integral bosses on the outside of the saddled head: 
front, integral bosses punched on saddled head: center eo 
inside fusion area of an integral boss on a saddled head. we an 
tion th: 
the 
idditior 
control] 
In th 
gal. ran 
if this 
iS show 
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Fig. 22—Short Section of a Hot-Water Heater Shell with In- Fig. 23—Short Section of a Hot Water Heater Shel! with = 


tegral Bosses Showing the Punched Bosses in the Head and tegral Bosses Showing the Punched Bosses in the Shell and 
Shell om 
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Fig. 24—Tapped Integral Bosses on a Shell Showing Profile 
of Bosses and the Inside Fusion of the Back Boss 


\4 gage domestic range boiler. The 1-in. size boss can 
be attached at the rate of one in 30 sec.; the only opera- 
tion that is essential in the welding success of the boss is 
the effort necessary to push the starter button. Flux 
iddition, time cycle, and clamping can be automatically 
controlled. 

In the foreground of Fig. 20 is the ordinary designed 30- 
gal. range boiler head with integral bosses. On the left 
of this figure, the external appearance of the integral boss 
is shown; on the right, the inside fusion, while in the 
center appears a standard head with a nine-thread boss, 
twice the required number of threads for compliance with 
paragraph U-59 of the A.S.M.E. Unfired Pressure Vessel 
Code. An experimental die arrangement for welding 
bosses on saddled range boiler heads is exhibited in Fig. 
21. 
_ Some integral bosses have been cast more than 2 in. in 
ieight. Figure 22 illustrates some excessively high 
bosses for the minimal thread requirements. The lower 
bosses in this photograph are */,-in. size integral bosses; 
the upper and the head bosses are 1 in. Figure 23 pic- 
tures the bottom boss in a flat, standard range boiler bot- 
‘tom. Figure 24 is another short-length shell with in- 
tegral bosses; the back integral boss discloses the interior 
‘usion of the boss. 

\ number of standard 30-gal. range boilers have been 
‘abricated with integral bosses to demonstrate the prac- 
tical value of the process. 

After a group of components had been fabricated with 
integral bosses, they were assembled, welded, pickled, 
fluxed and galvanized. Figure 25 shows three galva- 
‘ized, standard 30-gal. range boilers with integral bosses 
‘iter the hydrostatic test. 
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Summary and Conclusions 


‘Data and other evidence have been set forth to bring 
out the advantages of the integral boss in the thin-wall 
pressure vessel industry. These advantages may be 
summarized in general as follows: 

1. The automatic welding process of depositing the 
integral boss eliminates the manual element of metallic 
arc welding. 

2. Electrode wire is the only inventory item required 
to weld integral bosses from */s- to 1'/»-in. pipe-tap size. 

4. Integral cast bosses are metallically sound and, 
therefore, are leakproof. 

4. The sectional contour of the integral boss is espe- 
cially advantageous for protective coatings; such as glass 
or enamelled linings, plastic linings and hot-dipped zinc 
coatings. 

5. The integral boss cast on the external surface of the 
vessel wall provides good drainage openings that are not 
otherwise possible with flanged, peened or sleeve bosses. 

6. Better stress conditions are provided by the in- 
tegral boss and the notch effect of manual welds is elimi- 
nated. 

7. The streamline appearance of the integral boss has 
greater sales appeal in the finished vessel. 

8. Cost-wise, the integral boss is cheaper than the 
manually welded forged boss for openings in thin-wall 
pressure vessels in pipe-tap size of '/, to 1'/» in. 


Fig. 25—Standard Galvanized 30-Gal. Range Boilers with 
Threaded Integral Bosses 
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Engineering Symposium of Future 
Control of Resistance Welding 
Machine 


By C. E. Smitht 


HIS paper is in the form of a general description of 

the present and near future of resistance-welding 

controls. The present-day a.-c. single-phase con- 
trol, synchronous and nonsynchronous, and their auxili- 
ary equipment such as current compensators and vo!tage 
regulators, is given consideration along with the needs of 
present improvements of this type of control. Power 
factor correction, such as series capacitors on a single- 
phase a. c., its benefits and disadvantages are also com- 
mented upon. The stored energy type of control and 
machine, including the battery, the electrostatic capaci- 
tor type and magnetic stored energy type, with their 
definite advantages and disadvantages, have been given 
some thought, not only as to the control but also to the 
final welding result in the particular type of machine 
required. The frequency converter system is outlined, 
and its application to resistance welding and resistance- 
welding machines is given consideration along with the 
d.-c. converter type; similar to the dry disc rectifier 3- 
phase welder control, with its advantages and disadvan- 
tages over other types of present-day systems and the 
possibility of its application in the near future. See 
Fig. 1. 


Direct Energy Types of Equipment 


A.-C. Single-Phase Controls 


Before this year of 1947, considerable confusion to the 
purchaser and user of resistance-welding machines and 
their controls was experienced as to the proper selection 
of the manufacturer’s type of equipment or differentia- 
tion between one suppliers panel type against another 
supplier’s type. It was not unusual to find that a certain 
aynchronous spot timer panel built by one control manu- 
facturer had an entirely different type number than 
another control manufacturer’s panel. It was felt by 
members of the Resistance Welding Manufacturers’ 
Association that complete standardization was required, 
not only for designation of the types of controls but also 
because definitions of the various functionings of the con- 
trols would be of considerable help, and complete co- 
ordination between the control panel manufacturer and 
the resistance welding manufacturers would be required 
to bring about a settlement as to standardization and co- 
ordination of these controls. The possibilities of side 
mounted controls—that is, the controls mounted on the 
side of the welding machine—and the advisability of hav- 
ing such units were greatly reflected by the majority of 
the resistance welding manufacturers with the result 


* Scheduled for Lal Eighth Annual Meeting, A.W.S., Chicago, Iil., 
week of Oct. 19, 1947 


+ Chief Electrical Engineer, The Taylor- Winfield Corp., Warren, Ohio. 


that in March 1945 a joint committee of N.E.M.A. an¢ 


R.W.M.A. was organized to discuss engineering stand 
ards for resistance-welding control. 

A considerable amount of work was accomplished frou 
the first meeting with an outline of the N.E.M.A. work 
in progress, the functions of the N.E.M.A. committee and 
various problems worked out as to the mounting, over-al 
dimensions, functions and uniform appearance and 
finishes of resistance welding controls. The over-al 
dimensions had to be given consideration, not only t 
synchronous timer equipment but for sequence timers 
and sequence weld timers as well. Various control com 
binations had to be given consideration so that the over. 
all dimensions should be as small as possible for each siz 
of equipment. Products of the different manufacturer 
should have standard over-all dimensions. Over-all di 
mensions should be as important, if not more important 
than any other item on the agenda, with consideration 
given to mounting hole spacings. 

Various functions for which a welding control is de 
signed to perform had to be defined clearly and numbers 
had to be given for ready reference with a uniform name 
With the considerable progress that was made in thi 
standardization of the welding controls during the year 
1945, there remain only a few items on the agenda for 
further consideration. 

The final work of the R.W.M.A.-N.E.M.A. Committee 
has brought about a complete line of side mounting cot 
trols which are a combination or of unit construction 
making it possible to mount the complete control on thi 
side of the machine, thus allowing the machine to have 
the following good features: 

1. The equipment comes completely wired making tt 
unnecessary for the user of the equipment, during 1- 


ELECTRICAL EQUIPMENT FOR 
RESISTANCE WELDING MACHINES 


ENERGY TYPES | 


IWIARY EQUIPMENT EQUIPMENT] ELECTRO- 
(CAPACITOR) MAGNETIC 
SINCLE PHASE ELECTRO-CHEMICAL 
(BATTERY) 


| | UNCORRECTED | 
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Fig. 1—Chart of Direct-and-Indirect Energy Types of Equipme* 
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stallation, to study and call in outside help for inter- 
connections of the various units of the machine. 

2. During installation of the machine there is only one 
piece of equipment to install, and the use of an integral 
combination unit eliminates the cost of mounting and 
places the controls in a more readily adjustable position. 

3. The customer has only two power leads, two water 
leads and an air line to connect during original installa- 
tion. 

4. Upon movement of this welding machine to 

another location any time in the future, the disconnection 
of the air, water and power leads is very simple and re- 
connection can be had without referring to diagrams. 
. 5. Simplification of wiring diagrams are a great aid 
to the customer and users of equipment as well as to the 
Resistance Welding Manufacturers Electrical Engineer- 
ing Department, and Test Floors. 

Identification of these various units is complete and is 
designated by N.E.M.A. type numbers with definitions 
of these particular types and their functions set down 
clearly and concisely with all resistance-welding control 


manufacturers following the standards as closely as pos- 


sible. 
A considerable amount of work was done on stand- 


ardization of input terminals, wherein the various exter- 


Fig. 2—Type N-2 Sequence Weld Timer Mounted on a R.W. 
M.A. Size 1 Machine 
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nal connections such as foot switches, terminals, pressure 
switch terminals, etc., are designated and set up as 
N.E.M.A. standards. 

Figure 2 shows a N.E.M.A. Type N2, nonsynchronous 
control that furnishes squeeze, weld, hold, and off-times, 
repeat and nonrepeat functions mounted on the side of 
the machine. The control manufacturers can be com- 
plimented on the engineering design and progress that 
have been made in the last few years and for bringing 
forth a new line of controls with considerable improve- 
ment in timing accuracy and the high-grade components 
that are now being supplied in place of those manu- 
factured in the past. The main disadvantage in the con- 
trols now available to the users of resistance-welding 
machines, is too many relays creating a considerable 
amount of maintenance and inspection that is associated 
with electromechanical devices of this nature. There 
are some controls on the market today that have elimi- 
nated all relays, with the exception of the head valve 
solenoid relay, but the tubes are numerous and the circuit 
is complicated. A considerable amount of effort should 
be put forth in the engineering divisions of the control 
manufacturers to produce nonsynchronous equipment 
with a reduction of tubes and relays. 

In the very near future, resistance-welding machine 
users should expect to have available nonsynchronous 
control equipment with less complicated circuits, com- 
ponents, tubes and relays. Standardization of low- 
voltage initiating and safety circuits should be complete 
with 24 v. or below, so that personnel protection may be 
greatly increased. The addition of auxiliary units for 
110 v., or low-voltage two-stage foot switch units should 
be eliminated with the control coming to the user, 
wherein, by adding a jumper or disconnecting a jumper, 
the unit can be single-stage or two-stage and 24 v. be 
accepted as standard initiating and safety circuit po- 
tential. 


Synchronous Controls 


The synchronous control which is the accepted pre- 
cision timer has come a long way in the last ten years, 
and complete definition of its type and functioning has 
been set by the N.E.M.A.-R.W.M.S. committee. The 
synchronous timers now on the market should have con- 
siderably fewer components and tubes due to the constant 
effort of the design engineers to improve the circuit to a 
more understandable type of electrical equipment that 
can be maintained and analyzed by the type of personnel 
available at the present time. Any new designs of the 
synchronous panel including the spot and seam panel 
should give complete consideration to the facility of add- 
ing voltage compensators or current regulators. The unit 
should be so designed in mind that at any time by proper 
terminal connections, a voltage or current compensator 
could be added to the unit without completely redesign 
ing the circuit or breaking into any leads for external con 
nections between the two units. In conjunction with the 
synchronous timer panel and the ignitron contactor asso 
ciated with this type of panel and with the nonsynchro 
nous type of equipment, considerable work should go 
ahead on improvement of the ignitron igniters, and ig- 
nition characteristics to eliminate the necessary addi- 
tional expense of loading resistors to produce consistent 
firing of the ignitrons with primary currents of 40 amp. 
or below. 

There is a definite need for a small synchronous bench 
welding control to handle the precise current time in 
bench-welding applications. The present-day syn- 
chronous type of bench-welding control is entirely too 
expensive, and standardization should go forward on the 
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IGNITRON TUBES quiring a design engineer or an experienced electronic 


engineer to service and maintain. The set-up time dur. ice 
ing initial installation of this unit is high, and the speed oj 
correction for any instantaneous variation in current 
limits its application, particularly on seam welders ~ 
wi For best operation and full compensation, the weld cur. 
PHASE SERIES CAR rent off-time should not be less than 4 cycles, and the on. —~ 
WELDING TRANS. time not less than 6 cycles. The application is then 
generally used with a spot-welding machine for corre. Ry +7 
tion of voltages required due to impedance change caused 
by the material feeding into the throat of the machine, or Hy | +4 
on similar cases with seam welders where welding current 
is flowing continuously. 
Fig. ¢ 
Ec 
som 
Series Capacitor Circurr Ano Vector Voitace Revations solutio 
lu=LINE CURRENT  Ew=WELDER PRIMARY VOL, return 
2 nue th 
Howev 
maximum time, as well as other decisions such as with or J : 13 custom 
without heat control so that these units can incfease their ae B the elit 
popularity by overcoming the high price of the unit, thus eee ol type ol 
increasing the quality of weld required in bench-type Whe 
work. ae | tion of 
dictate 
are val 
Voltage Compensator 
The present-day voltage compensators on the market NX ‘ a. an have b 
are entirely too complicated, not only in installation and ~ eit i with tk 
setup during installation, but also because the type of Ba SS; te Ve for cal 
personnel required to service and maintain this equip- given | 
ment cannot be expected to be found in the field. Pres- a ‘ae B heside: 
ent-day circuits are limited in their speed of operation ae: | B series | 
and compensation. They will compensate at 3 cycles for (a certain 
sudden drop in voltage, and very seldom are they found aut idhere 
to operate with all of the electronic welding controls unless 
manufactured by the supplier of the voltage com- work v 
tors to 
weldin; 
Current Regulator inserte 
The present-day current regulator now in the market is arr me ; less ste 
another complicated circuit with a multitude of tubes re- de ind vo 
One 
that th 
- SINGLE Fig. 5—Dry Disc Rectifier Machine acces 
900 PHASE 
1000} 
800 Single-Phase Machines and Power Factor Corrected oY 
Machines a 
Due to the secondary configuration of resistance-wel’ 700|_ 
ing machines, the machine is essentially a low-impedan | 
low-power factor device. The kva. is generally high an 6001 
the power factor is generally low, and thus there is ©" B® «| Ki 
siderable reactive component loss that must be reckon 
with as far as the ability of the machine to procu™ 400} 
the necessary heat to make a weld. In the cas 
heavy-duty welding machines, with high instantane 
lemands produced on the supply lines, a cyclic flick 200 
demands p pply > 
may be created that becomes a nuisance to the po"" BM joo 
THROAT DEPTH server and users, with the result that the utility engi! i 
2" 18° 24" 30" 36" is tempted to discourage this type of load or force tis ay 
Fig. 4—Kva. Demand, Uncorrected, Single-Phase A. C. vs. other solution of the problem. Other solutions . ob B Fig." 
Power Factor Correction Size 3 R.W.M.A. Press Welder problem created by the decision of the utility «ng D 
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Fig. 6—Three-Phase Full Wave Circuit of D.-C. Current Dry 
Disc Rectifier 


5 in some instances, have been wrong when some other 
® solution was less economical. The utilities expect a fair 
return in all cases for their service of any type of load, but 
ithe economy of the welding processes are such that they 
Scan fully support the cost of service or any demand reve- 
nue that can be taxed to the users of the equipment. 
» However, it is not a simple problem to subject to the 
} customer, who expects fairness and freedom from tariffs, 
§ the elimination of the possibility of continued use of this 
B type of load. 
» When the economics of the final solution of installa- 
S tion of a welding machine in regard to the utility problem 
F dictate the correction of the welding machine itself, there 
ire various ways of attempting to improve the kva. de- 
mand of that particular welding machine. 

Series-capacitor power factor correction applications 
have been numerous and have been very successful and 
with the present engineering information that is available 

jor calculations of the necessary capacitors to correct a 
given welding job, it makes it a rather simple problem. 
Kesides being more expensive as a correction device, the 
series capacitors have definite disadvantages in that a 
certain turns ratio of the transformer must be selected and 
idhered to, making it more or less applicable to one job, 
unless the welding manufacturer is informed of the line of 

s work which this machine is expected todo. In some in- 

f stances, machines have been corrected with series capaci- 
tors to correct the kva. and power factor during the 
welding of aluminum, and by means of selector switches 
iserted to change turns ratios of the transformer making 
it possible to weld mild steel and, in some instances, stain- 
less steel (see Fig. 3 which shows an elementary circuit 
id voltage vectors of series capacitors). 

One of the arguments against series capacitors has been 
that the machine must remain at approximately the same 
secondary configuration, and that if the throat area is 


1000} +>~<SINGLE PHASE 
AC WELDER 
j 4 


3 PHASE DC WELDER 
DRY DISC TYPE 


THROAT DEPTH 


* Kva. Demand Single-Phase A. C. and Three-Phase 
-C. vs. Throat Depth Size 3 R.W.M.A. Press Welder 
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RATIO 


THROAT DEPTH 
is” 24" 30° 36° 

Fig. 8—Ratio of Single-Phase Kva. to Three-Phase Kva. (Dry 
Disc Rectifier) on Size 3 R W.M.A. Press Welder 


changed, it is necessary that an expert be had to revise 
the tuning or determine the correction of the circuit to 
bring it back to approximate unity power factor. How- 
ever, if the welding machine is so designed with a maxi- 
mum of throat configuration necessary for the job, and 
consideration given to the application of the job, that the 
customer expects to weld in the future, the series-capaci- 
tor equipment becomes in some instances less expensive 
with a large throat machine than a small throat machine. 
Therefore, if the demand has been corrected, and the 
power company can service such a demand, there is no 
reason why the secondary configuration should be 
changed. 

Another factor that increases the cost of series-capaci- 
tor power factor correction equipment installation is 
the cost of the control panel. This panel must be of the 
2300-v. variety, or out of the class of the standard 600-v. 
a.-c. controls. Another alternative is to make use of an 
auto transformer and reduce the input line voltage to a 
low value wherein the capacitor voltage plus the line 
voltage does not arise to over 600 v., so that the ignitron 
contactor or nonsynchronous type of equipment can be 
used along with the standard 440-v. welding transformer 
primary. Figure 4 is a graph showing the kva. and kw. 
demands of a corrected and an uncorrected machine. 


The Dry Disc Rectifier 


A 3-phase dry disc rectifier machine that is capable of 
delivering d.-c. current into the secondary of the welding 
machine making it possible to produce a 3-phase lower 
kva. demand than the conventional single-phase welder, 
is one answer to means of handling the problems of 
lowering the high instantaneous demands found in the 
single-phase a.-c. welding machine. This type of welder 
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Fig. 9—Electronic Frequency Converter System 
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ing to operate the rectifiers at maximum efficiency as in me be 
long as the impedance adjustment must be in the load — 
circuit and not in the rectifiers themselves. However 5 
4 x. there is no advantage in having a high efficiency, unless 4: a 
the high efficiency can be gained by lowering the rectifier pccceee! ‘ 
impedance. On flash welding application there is no ek: 
3 apparent difference between a.-c. and d.-c. welding = ee 
RATIO except in large sections. The d.-c. push welder shows ste : 
excellent performance due to the relatively low rate — 
2 of current rise and the high ratio between RMS and piss 
electron 
peak current. On spot welder or seam welder appli silanes 
cations, the welder should not be noticeably affected by 63 a 
1 steel in the throat, and on aluminum welding cleaning te APS 
should be less critical than either Hi-Wave or a.-c. weld. oath 8 
THROAT DEPTH ing. Double pressure timing should not be as critical as yar “Cc 
0 30° 367 on normal a.-c. spot welding. 
Fig. 10—Ratio of Single-Phase Kva. to Three-Phase Kva. (Fre- more CV 
quency Conversion) on Size 3 R.W.M.A. Press Welder sadic al 
Frequency Converter System 
can be a seam, spot or pulsation welder and may be appli- The use of frequency converter systems to reduce the pp fst 
cable to flash welders. The rectifier stacks have an ex- frequency of the secondary current to a low value, thus that mu 
ceptional long life and are small in size as compared to reducing the inductive reactance of the secondary loop lioht flic 
other types of electrical components, and are of rugged circuit, has considerable merit as to the reduction of the 9 shows 
construction. See Fig. 5 fora photo of a dry discrectifier kya. demand. One leading resistance-welding manufac. 
machine. They are very suitable to a welder load, being turer must be complimented on the improvements made siaiae 
capable of standing heavy current overloads, with power , ” ne 
consumption at no load practically nill. For the most verter a4 
economical transformer design and most satisfactory rec- « daa 
tified wave form for the particular d.-c.output voltageand — nog the ri 
current required in a resistance-welding machine of this id the fants 
type the rectifier circuit should be three phase full wave renee be 
(see Fig.6). The dry disc rectifier type of a machine uses Kolko 
no welding transformer and with the 3-phase full-wave cir- saleable 
cuit, in comparison with the 3-phase half-wave circuit, it 700 F; 1] 4 
is much more efficient and economical. The kva. de- 
mand, to make a given weld in comparison to a.-c. or any KVA anual 
frequency conversion system, will be less, and since we 300 mea 
are welding with d.-c. current, the effect of the secondary = 49 the evel; 
configuration is less noticeable as to electrical losses. time dur 
Figures 7 and 8 show a comparison of the ratio of the 3- °° be chan 
kva. demands a dry disc rectifier machine in —290 BFTORRECTED juency 
parison to a single-phase a.-c. machine. Fr SINGLE. PHASE AC The f; 
Due to the values of the resistance and inductance ‘ed u to the dr 
found in a welding machine the rate and rise of current tor devic 
in a dry dise rectifier machine is slow, making it 12 7 wa. rent com 
very desirable for projection and push welding. The Fig. 1l1—Kva. Demand, Single-Phase A. C. and Three-Phase lor the it 
current rise is faster than any calculated values from R A.C. (Frequency Conversion) vs. Throat Depth Size 3 R.W. the weld 
and L, due to the fact that the load sees a changing volt- M.A. Press Welder 
age. At the start of the current rise, the applied voltage 
makes the current start in a manner that makes the 
apparent maximum current about twice the actual maxi- 
mum. Approximately 8 millisec. after start of current, 3.0 - + 7 —TTITTT 
the voltage drops to a low constant value because of the hale off 
overshooting tendency of the current rise pattern. This (Spor, Burr Fiasn,Ano Pro- | (Pursation Ano Sears 
rate of rise of current to maximum may be detrimental in 
some types of aluminum welding, but againin considera- 0 | | | “~, hay 
tion to the values of kva. demands, more secondary cur- < 20 ; a 
rent can be forced into the weld to overcome the effects yy é VOLT LIMIT | uploye 
of the slow rate of rise in current, and thus keep down thet 4 
kva. demand when welding a given thickness of alu- L 
minum in comparison to single-phase a.-c. welding. P ! —_ 
One factor requiring consideration in the application ¥ \ 
of dry disc rectifiers in welding machines is a proper 
analyses of the efficiency. A study of the impedance 4 ' 
curve and the efficiency measurements will show that ¢ gs 
efficiencies are lowest at low current and low impedance’ Ve | 
load. With a given load impedance, the efficiency im- an | 
proves as the current increases. With a given current, 4 2% 
the efficiency will improve up to a point where the load 
impedance equals the rectifier impedance. With a re- Fig. 11A—Objectionable Limits of Light Flicker Caused by 
sistance welder application there is no object in attempt- Welder Loads | 
347 


864 THE WELDING JOURNAL 


Wing 
‘ai 
y hee 
ay 
A 
4 
OCTO 


in the costs of this type of converter by eliminating the 
rectifier transformer and making use of a 3-phase welding 
transformer with ignitron tubes properly connected for 
3-phase, half-wave rectification. The welding trans- 
former must be designed to handle the very low fre- 
quencies (5 to 10 cycles), but with elimination of the 
rectifier transformer, it brings the price of this control 
somewhat competitive with other converter types or cor- 
rection systems. 

To sum up the low-frequency converter system, certain 
electronic frequency changing circuits draw an almost 
balanced 3-phase power from the line and have a low- 
frequency, single-phase output. Because power factors 
increase when the load is operated at a low frequency a 
double advantage can be had from such an electronic cir- 
cuit. Commutation faults, however, introduce draw- 
backs to use of a low-frequency system, and during one or 
more cycles (on supply frequency basis) the entire load is 
single phase, resulting in a momentarily increased voltage 
drop of two lines. Even though this momentary drop 
will have a very small value when read on an RMS meter, 
it may cause objectionable light flicker. The only drop 
that must be considered in analyzing the possibility of 
light flicker is the drop on the loaded phase line. Figure 
shows a view of a frequency converter system and weld- 
ing circuit, and Figs. 10 and 11 show the comparison of the 
phase kva. demand to single-phase kva. demand. 

One of the improvements that can be made to the con- 
verter system is the zero current gaps during the transfer, 
r change in polarity of the secondary current. With 
the introduction of zero current gaps during current flow, 
the impulses per second or flickers per second fall in a 
range of approximately 9 per second, or within the '/2-v. 
limit, commonly termed the cyclic-flicker range similar to 
pulsation or seam welding on and off timing periods (see 
Fig. 11A). The possibilities of changing the frequency on 
these controls, since they are variable, may be detri- 
mental rather than advantageous, and since the fre- 
juency is variable and is fairly high up on either side of 
the cyclic flicker V-curve, it is quite likely that at some 
time during the life of the installation the frequency will 
be changed, and the welds made at the detrimental fre- 
juency of 7 or 8 pulses per second. 

The frequency converter system is somewhat likened 
to the dry disc rectifier in that since it is a high power fac- 
lor device, it is resistance-conscious and generally no cur- 
rent compensation is required or any correction necessary 
lor the introduction of magnetic material in the throat of 
the welding machine. 


Rotating Equipment 


To offset an inadequate power supply, motor-generator 
‘ets have been used; but due to their original cost, main- 
‘mance cost and their short time transient regulation, 
tiey have not proved very satisfactory. To offset the 
lust two disadvantages, a large M. G. set is generally 
‘mployed to handle a bank of welders, but the transient 
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Fig. 13—Elementary Diagram of Electrostatic Stored Energy 
System 


reactance with simultaneous operation of the machines 
makes this system undesirable. 

A motor-generator set, with 3 phase input and single 
phase output of commercial frequency or low frequency, 
may have satisfactory application to a single machine, 
that is, one M.G. set per welder. The problem of inter- 
rupting the heavy sec. currents may rule out this type 
of application. 


Indirect Energy Types of Equipment 


Battery-Operated Machine 


The battery-operated welding machine is another 
stored energy device, wherein the energy is stored in the 
battery. It can be considered as being in the same cate- 
gory as the Hi-Wave, which stores the energy in electro- 
static capacitors, and the Sciaky stored energy system 
which stores the energy in the magnetic field and iron of 
the transformer. The writer believes that the battery- 
operated machine has a place in the resistance-welding 
field, particularly where the customer is on the end of a 
line or in a rural district wherein the slightest kva. de- 
mand will produce objectionable light flicker in the com- 
munity. We have some instances and indications where 
the power company would object to a 15- or 20-kva. de- 
mand. In this instance, a 3-phase converter or other 
power factor corrected machines would not be able to 
meet these low kva. restrictions. This battery system is 
the same as all stored energy systems, wherein to meet a 
rate of production you must store the energy fast enough 
to meet the required rate. The higher the production, 
the higher the energy taken from the line for meeting 
these requirements. If it takes so many ampere seconds 
to make a weld, and it is necessary to maintain stable 
energy to the battery, the same ampere seconds must be 
put back into the battery during the no-weld period. 
The writer has no cost of these battery-operated ma 
chines to give a comparison against the single-phase 
series-capacitor power factor equipment and frequency 
system. Figure 12 is an elementary electric circuit of a 
battery welder. 


Electrostatic Stored Energy Welding Machines 


This system is a means of storing electrical energy into 
a bank of capacitors and discharging this energy into the 
welding transformer through the secondary and into the 
weld material to make a weld. Figure 13 is an elementary 
circuit of the capacitor stored energy system. The capac- 
itor for storing the energy is generally charged with a 3- 
phase, full-wave rectifier, with the impedance of the total 
rectifier system so adjusted by high-impedance rectifier 
transformers to limit the kva. demand to approximately 
35 to 50. With its ability to make very consistent high- 
quality welds, due to its stable energy feature, the stored 
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Fig. 14—Electro Magnetic Stored Energy System 


energy machine is still a machine to recommend for the 
welding of aluminum to meet Army and Navy speci- 
fications. A considerable amount of engineering time 
and effort has been spent to reduce the cost of 3-phase, 
stored energy systems with the possibility of a single- 
phase unit that will meet approximately the same spots 
per minute that the 3-phase units did in the past. Con- 
stant effort has been made to eliminate all working relays 
by interposing completely electronic tube circuits. 

The electrostatic and magnetic types of stored energy 
machines have their limitations in that they are not suit- 
able for welding wherein a slower rate of rise and longer 
time of current flow are desired. However, the electro- 
static stored energy and the electromagnetic stored 
energy machines are very flexible as to current wave 
shapes and various values of capacitance, voltage and 
turns ratio will produce the most desirable type of cur- 
rent wave shape. One disadvantage of the stored energy 
systems in the electromagnetic or electrostatic type is 
that the economics go out of reason when trying to secure 
higher energy levels above 15,000 joules. Not only does 
the capacitor cost rise, but the transformer must have 
sufficient iron to prevent saturation at these large 
amounts of energy. The system becomes somewhat slow 
in charging time of the capacitors if the kva. demand 
must be kept within a nominal figure. 


Magnetic Stored Energy Systems 


Figure 14 is an elementary circuit of the electro. 
magnetic stored energy system. This process is base 


on the ability of a changing current to induce a voltag 


Although the welder operates from a a.c. supply line, jt 


is a d.c. process employing d.c. current from a 3-phas 
half-wave ignitron rectifier. 
secondary, through its property of mutual inductang 


supplies the heavy short time welding current when th, 


d.c. current in the primary of the transformer is sudden\ 
interrupted. As long as the contactor remains closed 
energy remains stored in the transformer. When tl 


contactor opens, the rate of current flow disminishes a 


fast as is allowed by the transformation of magnet 
energy into heat. 


Summary 


In summing up the above, it appears that (1) th 
a.-c. single-phase machine is still the machine for general 


purpose welding and average installation; (2) various 


improvements should be made on the electronic contr 


panels to eliminate the heavy usage of relays and lower 


the tube complement; (3) the voltage compensators an 
current regulators are entirely too complicated in desigr 
and will not fit the full range of application; (4) d- 
current welders, like the dry disk rectifier schemes and th 
frequency converters, are exceptionally good devices far 
lowering of the kva. demand and placing the demand o 
the 3-phases. The rate of rise of current and the resist 
ance-conscious characteristics of these machines may bx 
detrimental on certain types of material in compariso 
with a.-c. welders, but when consideration is given to th 
lowering of the primary kva. demand and that they are 
phase devices, it appears that in the immediate futur 
considerable amount of the 3-phase devices, such as met 
tioned, will gain considerable popularity in the heavy 
duty machine applications. 
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Written discussion of | or all of the Annual Meeting papers given in this and 


This discussion should bring out supplementary infor- 
mation, or restatements of the problems and solutions to add to their clarity. Dis- 
cussions, together with illustrations should be sent to: 


W. Spraragen, Editor 
THE WELDING JOURNAL 
33 West 39th Street, New York 18, N. Y. 
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Development of Butt-Welded Joints 
in Pressure Vessels 


By Edwin J. Brown; 


sels is one of the best examples of the complete dis- 


7 \HE use of the butt-welded joint in pressure ves- 


DBER 


placement of the riveted joint by the all-welded 
joint. These welded joints uniting longitudinal and girth 
seams of cylindrical vessels (Fig. 1) for Power Boilers, 
U-68 Unfired Pressure Vessels and certain A.P.I.-A.S.- 
M.E. Vessels, are subject to critical inspection not ordi- 
narily encountered in any other kind or type of joint. 
Yet, despite the cost and difficulties encountered in this 
inspection, the welded joint has proved less expensive, 
safer, and has given industry the tremendous advantage 
f higher operating pressures and temperatures. In 
the case of power boilers it has eliminated to a great ex- 
tent the condition of stress and opportunity of concen- 
tration necessary to intergranular corrosion. The de- 
velopment of methods for making, economically, butt- 
welded joints has made this possible and is therefore of 
first importance in building all-welded pressure vessels. 
Manufacturers have concentrated their efforts on pro- 
edures, techniques, processes and machines to make the 
required high-quality all-welded joints at the least pos- 
sible cost. 

The original or basic design of quality butt joints is as 
shown in Fig. 2. This is the familiar U-groove made in 
reparation for the manually fabricated joint. This was 
made in a series of operations: 


l. Shearing plate edges to remove excess metal. 

2. Planing of plate edges to form U-contour. 

3. Assembling parts to form groove. 

!. Welding, multiple pass in U-section. 

. Chipping of back side to remove unfused metal. 
». Welding of chipped groove on back side. 

‘. Grinding of weld to proper finish. 


“ach was time-consuming and difficulties existed in several 
' the operations making it desirable to revise the joint 
‘sign. The redesign was based on a study of each of these 
perations and a more expedient method or means of 
lubrication was chosen. 


‘perations 1 and 2—Shearing and Planing of Plate Edges 
lo Form U-Contour 


The immediate thought was to replace shearing and 
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planing with flame cutting, a faster, more economical way 
of plate edge preparation. This method, however, was 
not practical in forming the U-grooved edge on a pro- 
duction basis. It was then decided, if possible, to design 
a groove with straight and bevel cuts only to utilize flame 
cutting. 


Operation 3—Assembling Parts to Form Groove 


In assembly, the '/s-in. wide lips at bottom of U-groove 
were troublesome because of difficulty in getting good 
alignment. These surfaces in actual fit-up often over- 
lapped half their thickness. As a result, the first welding 
bead in bottom of groove was made with a */,.-in. or 
smaller electrode to avoid burning through. It was ad- 
vantageous to increase width of abutting edges and elimi- 
nate the use of the smaller electrode. 


Operation 4—Welding, Multiple Pass in U-Section 


As the joints were manually welded this step could 
not be improved upon. The submerged melt process 
was considered and it was decided that at some future 
time this method would be used and, in the redesigned 
joint this was to be considered. However, for the pres- 
ent, we were to continue manual welding. 


Operation 5 
Metal 


This had been a constant source of trouble because of 
lack of skilled men and unwillingness of workmen to 
learn this laborious trade. The flame gouging torch was 
chosen to replace the chipping hammer. Because of the 
hot conditions which existed in the gouging operation it 
was impossible to use this method of removing excess 
metal within the confines of a pressure vessel. The solu- 
tion was to design the joint so unfused metal could be 
removed from the outside. 


Chipping of Back Side to Remove Unfused 


Operation 6—Welding of Chipped Groove on Back Side 


As joints in pressure vessels for this service are of the 
double butt type it is necessary to weld from both sides of 
joint. The welding on back or inside should, because of 
operator exposure to heat and smoke, be kept to a mini- 
mum. The limit was placed at two passes with '/, in. as 
max mum diameter of electrode. The remainder of the 
thickness was to be welded from the outside. 
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Fig. _—Cylindrical Vessel 
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Fig. 2—Original Joint Design 


Fig. 3—Revised Joint Design 
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Fig. 5—-Normal Weld, Top. Deep Penetration Weld, Bottom 


Operation 7—Grinding of Weld to Proper Finish 


Grinding was done with portable air machines using 
l- x 6-in. abrasive wheels both inside and outside of 
joint. Outside grinding time could be reduced by ap- 
plication of a large foundry-type grinding machine. 
This heavy grinder would have a flexible mounting to 
allow the grinding machine to be located at girth and 
longitudinal seams. This operation would not be af- 
fected by joint design but as we were considering im- 
provements in operations, as well as redesign, this opera- 
tion was considered. 

The summation of the results of this study gave us a 
joint with straight and beveled edges, the straight or 
abutting edges to be of considerable width and so located 
with reference to vessel that unfused metal could be re- 
moved from the outside, and that no more than two 
passes would be required inside, also that submerged 
melt processes could be applied without change in joint. 
These joint characteristics were found in the design shown 
in Fig. 3, and the series of operations to complete joint 
would be: 


A. Flame cutting edges to contour. 
Assembling parts to form joint. 
Welding back side of joint. 
Flame gouging unfused metal from outside. 
Welding, multiple passes in flame-gouged groove. 
Grinding of weld to desired finish. 


This design looked feasible, and it was decided to attempt 
application preliminary to production. Each operation, 
if successful, would give us an advantage of less time con- 
sumed per operation and would simplify all operations to 
a level requiring less skillful oprators, and with expendi- 
ture of less work energy. Each operation was studied to 
arrive at the best method of performing the described 
work. 


Operation A—Flame Cutting Edges to Contour 


A heavy machine of tractor type as generally used in 
flame cutting was purchased and on this was mounted 4 
floating adjustable nozzle block. The purpose being to 
allow the nozzle block to ride on work and maintain a 
fixed distance between cutting nozzles and work, and ty 
facilitate adjustment to make the various combinations 
of bevel and straight cuts required. The performance oj 
this equipment exceeded our expectations and eliminated 
both shearing and planing operations. Time of operation 
was less than that of the previous single operation oj 
planing. 


Operation B—Assembling of Parts to Form Joint 


This operation was simplified since the wide abutting 
edges were easily matched and did not slip out of align- 
ment during assembly. Large electrodes could be used 
without danger of burning through. 


Operation C—Welding Back Side of Joint 


In the V-groove two beads were to be deposited with 
'/,-in. electrode, but on examination of cross section o/ 
weld after depositing first bead, we found as Figs. 4 and 
5 top illustrate, a lack of penetration into the bottom oi 
the groove. It was then decided to use the deep penetra 
tion technique of welding on the back side to secur 
greater depth of weld. This technique involves the use o/ 


Fig. 7—Swing Grinder and Positionin 
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SPECIFICATIONS, PROCEDUKES & TECHNIQUE 
METAL ARC WELDING PROCESS 


Procedure Specifications For Metal Arc Welding 
Power Bollers and Unfired Pressure Vessels 


Specification No.4 
February 5, 1945 


PROCESS 

The welding shall be done by the metal are process. 
BASE METAL 

The base metal shall conform to the specifications for 
SA-70 or SA-212 carbon and carbon silicon steel vlates as desig- 
nated by the A.S.M.i. Code "Specifications for Materials". 
PILLER METAL 

The filler metal shall conform to Classification 
jumber E6030 or E7030 of the Code "Specifications for 
aterials". 
POSITION 

The welding shall be done in the flat position. 


PREPAKATION OF BASE WATEKIAL 


The edges or surfaces of the parts to be joined by 
welding shall be prepared by gas cutting as shown on the attached 
sketches and shall be cleared of oil oil or grease and excessive 
amounts of scale or rust, except that a thin coat of linseed oil, 
if present, need not be removed. 


NATURE OF ELECTRIC CURHKENT 


The current used shall be Alternsting, 60 cycle. 


WELDING TECHNIQUE 


The welding technique, electrode size, and mean voltaces 
and currerits for each electrode shall be substantially as show on 
e attached sketch. The first pass is to be made on the under- 

iue of the plate (position flat) with the electrode held in a 
ertical position, sloping approximately 60° in the direction 

f welding. A short ere shall be held by draccing the electrode 
oating on the base material. 


CLEANING AND GRINDING 


All slag or flux remaining, or any bea: of welding 
shell be removed before laying down the next successive bead. 
The finished welds shall be ground flush with the base material. 


DEFECTS 


y cracks or blow holes that appear on the surface 
of any bead of welding shell be removed by gas gouging vefore 
depositing the next successive bead. 


TREATMENT OF TOP SIDE 
OF WELDING GROOVE 


The top side of the welding groove shall be formed 
by gas gouzing to a depth necessary to disclose sound or 
omoreneous metal. The groove shall be thoroughly cleaned, 
all oxide removed, before welding. 


EXAALNATION 
) HEA HEAT! 


All vessels welded may be radiovraphed and/or stress 
relieved as required by the provisions of the A.S.uM.b. POWER 
BOILER OK UNFIRED PHESSUKE VESSEL CODES. 


WELDING PROCEDUKE 


Thickness Over 3/8" 


3/6" 1/2" 5/8" to 1-3/6" BEAD ALL THICKNESSES-(T)* 
3/lo" 1/4" T-aeG 1 1/4" Rod 305 Amps 42V 
1/4" 5/16" 3/8" Constant 2 1/4" Rod 365 Amps 42V 


*#*Thickne 


Eac 


ICKNE 
3/8" 
1/2" 
5/8" 
3/4" 


sses 3/8" & 1/2" Bead 1 only req'd., backside 


BEADS IN GOUGED GROOVE OF DEPTH "G" 
h Bead 1/4" Rod 320 Amps 36V 


Ss "G"-GOUGED DEPTH 
n 


BLADS Riy'D. 
3/16 


~s 
= 


POSITION OF ELECTHODE 


necord of: 
Manufacturer: 
Welding Operat 


Material: Ki 
Thickness: 1 
Welding done i 


Process .uelification 


Union Iron works, Lrie, Pa. 
or: Howard nines, Wo. 
owar 
nd - Plate Specification Sa-70 T.5.55000 
inch welding Position - Flat 
n accordance with Mfg. Specification No. 4, 


Dete* Feb. 5, 1245 


Reduced Section Tensile ‘est 


Spec. No. idth thickness Area lt ate Init St 
F-1 1.503 2826 1.24 » O00 ol, 
1.508 ~835 1.25 700 61,690 
Both specimens failed in plate. 
Pree Bend Test 
Spec. No. Gauge Before jauge after Difference Percent 
P-4 2009 «590 «261 
No sign of cracking or 
Side Bend Test 
Spec. No. P-5 »O Sign of croc..ing, or teoring 
fhe undersi:ned manufacturer o@rtifies tiiat the state- 
ments made in this report are correct ani that the test weld 
were prepared, welded, and tested in accor ance wit the r co 
ments of the A.S.N.E. Coe “welding Specifications 


Fig. 8—Procedure Specification and Qualification 


Fig. 9—Welding Machine and Positioning Equipment 
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Fig. 10—Yarrow Type Boiler 
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high amperages, the maximum recommended by the elec- 
trode manufacturers, to obtain a digging action and se- 
cure the deep penetration necessary to weld root of V. 
After experimental work the V-groove was satisfactorily 
welded and cross-section of this weld was shown in Figs. 
4 and 5, bottom. 


Operation D—Flame Gouging Unfused Metal from the 
Outside 


A considerable amount of metal was to be removed 
with this type of groove and a large volume could be re- 
moved by this process in a very short time. First at- 
tempts proved a torch with 180° Monel head was most 
applicable and largest standard gouging tips were used. 
As it was impossible to remove all metal on one pass of 
torch, multiple passes were tried but we found in heavier 
sections the groove was not wide enough to permit easy 
welding. A gouging nozzle was then secured one size 
larger than the manufacturer’s standard and in three 
passes of the torch we could remove all unfused metal in 
thicknesses to approximately 1'/, in. This is a very 
rapid method of metal removal and the gouging torch 
became a versatile tool. A typical gouged groove is 
shown in Fig. 6. 


Operation E—Welding, 
Gouged Groove 


Multiple Passes in Flame- 


This remains the same, weld structure and physical 
characteristics were not affected by the flame-gouged 
groove. 


Operation F—Grinding of Weld to Desired Finish 


A grinder was purchased carrying a 12- x 2-in. wheel 
and mounted on an overhanging framework which en- 
abled the vertical placement of grinding over pressure 
vessel. The vessel, for girth seam operations, was to be 
rotated under grinder and, for longitudinal operations, 
grinder was to be moved over vessel. Figure 7 shows 
grinder setup. We have decided to add another machine 
to enable grinding to take place on two girth seams si- 
multaneously. The second grinder is to be a heavier 
machine carrying a 18- x 2-in. wheel which will give us 
more rapid metal removal and yet retain the flexibility 
necessary. 

This revised joint required processes and methods with 
which our welding organization was not familiar, there- 
fore, we made up in considerable detail the Procedure 
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Specification as required by the provisions of the A.S.M. 
E. Code. On examination of the Specification shown in 
Fig. 8, you will notice details include explicit instructions 
on position of electrode which is of first importance in the 
deep penetration welding technique. Also as part of the 
Procedure Specification, the Procedure Qualification js 
shown. This covers qualification of these welds on AS 
M.E. Material Specification SA-70 steel. Note that both 
tensile strength and ductility are excellent. As this in. 
dicates welds made in actual production were entirely 
satisfactory and considerable reduction in fabricating 
time was made. 

Upon purchase of a submerged melt welding machine 
we immediately set it up for welding outside of joint 
The groove as shown in Fig. 7 of Procedure Specification 
is used to thicknesses of **/3. in. The base metal on out. 
side of joint is not gouged out and in welding with th: 
machine, penetration is secured through abutting edges 
to manual backing weld inside. As joint outside is made 
almost entirely of base material, weld metal accumulates 
on outside of joint and would present a problem except 
that the swing grinder removes this excess in compara- 
tively short time. In thicknesses over **/3 in. we adopted 
the usual double bevel and land edge preparation with 
equal success. Here the flame-cut edge again proved its 
economy in making both the bevels and land in a single 
operation. The welding machine is mounted on a car- 
riage which travels on a traversing beam supported on 
either end by a manually turned screw. This gives verti- 
cal adjustment. The vessel is placed on a rotating device 
and is rotated for girth seams, welding head moves on 
the traversing beams for longitudinal seams (see Fig. 9). 
This simple arrangement limited our initial difficulties 
in utilizing the submerged melt process, i.e., we did not 
encounter those common to installations including large 
intricate work positioning equipment. These po 
sitioners have been built by many manufacturers to facili 
tate and enable application of machine welding to both in- 
side and outside of joint, but in all cases will allow only in- 
side welding of longitudinal joint and girth seams to, but 
not including final seam, which is ordinarily the welding 
of closing or second head. Furthermore, they are re- 
stricted to minimum diameters of approximately 45 in. 

On installation of welding machine the question of 
qualification of process arose. As the A.S.M.E. Codes do 


Fig. 12—“Union” S-Type Steam Generator 


OCTOBER 


not ref 


to the 
stated 
“As 
directl 
ever, 1 
structi 
tice of 
follows 
plicabl 
work < 
author 
approv 

Sinc 
setting 
operat 
Case | 
the Co 

“Tt i 
weldin; 
erator’ 
trol of 
tion te 
of simi 
the san 
and m 
L-102 < 

Since 
weldin; 
attachi 
to be 1 
provide 
weldins 
is secu 
is drive 
flexible 
tactors 
The co 
a set o 
are cor 
ments, 
With 1 
inside \ 
to this 
diamet 
welded 
ally, gu 
cation | 
determ: 
larly we 
ing may 
of weld: 
Speed t 
tachme 
have n¢ 
ment d 
and abi 
will be 
machin: 

Typi 
Pressur; 
shown j 


1947 


heal 
“Union’’ Dowtherm Generator 
rat 
| 
| 


not refer directly to the submerged melt process, we wrote 
§ to the Boiler Code Committee for an opinion. 


They 


stated: 


“As you point out the Code contains no rules referring 


) directly to the qualification of machine welding. How- 
© ever, machine welding has been widely used in the con- 
» struction of Code vessels and I believe that it is the prac- 
) tice of fabricators to qualify their welding procedures by 
® following the details given in Section LX in so far as ap- 


plicable. It is my understanding that it is customary to 


) work out the details of procedure qualification with the 
} authorized inspector and such procedure shall have his 


approval.” 

Since the operator follows an established procedure in 
setting current amperage and voltage, etc., we assumed 
operators would not have to be qualified, however, in 
Case 1046, ‘Interpretations of A.S.M.E. Boiler Code,”’ 
the Commiteee adds: 

“It is the opinion of the Committee that for automatic 
welding processes, each machine operator (the term ‘‘op- 
erator’ is used to designate the person having final con- 
trol of any adjustments) shall make procedure qualifica- 
tion test plates of the maximum thickness to be used, 
of similar material (killed, semikilled, or rimmed), and 
the same machine setting. The test plates shall be tested 
and meet the requirements of Section IX, Pars. P-102, 
L-102 and U-68 for the type of vessel to be constructed.”’ 

Since our positioning equipment limited use of the 
welding machine to outside of joint we are developing an 
attachment for inside welding. The welding machine is 
to be used on the present positioning equipment and is 
provided with a fillet weld attachment which will feed 
welding wire at an angle to welding head. A flexible tube 
is secured to the fillet weld attachment in a way so wire 
is driven from head through fillet attachment and into the 
flexible tube. The tube directs the wire to a set of con- 
tactors which position it properly in reference to joint. 
The contactors, a flux hopper, and tube, are mounted on 
a set of guiding and supporting rolls. The contactors 
are connected to welding machine and current adjust- 
ments, etc., are obtained as in normal operation. 
With this attachment we have a flexible means for 
inside work that is small and adapts the present machine 
to this purpose. The attachment necessarily uses small 
diameter wire to retain flexibility. Girth seams are 
welded by holding attachment in a given position radi- 
ally, guide rolls lead wire and flux deposit to proper lo- 
cation in groove and drum is rotated providing the pre- 
determined travel speed. Longitudinal seams are simi- 
larly welded but attachment travel is controlled by steady- 
ing manually and by running welding head in direction 
ol welding on the traversing beam, giving a uniform travel 
speed to flexible tubing, connecting cables and inside at- 
tachment. This device is experimental and as yet we 
have not used it in production. Successful use of attach- 
ment depends entirely on operator’s judgment of speed 
and ability to maintain a given position. These qualities 
will be developed by the operator on continued use of 
machine with attachment. 

Typical examples of equipment with butt joints in 
Pressure parts as an important means of fabrication are 
shown in Figs. 10, 11, 12 and 13. Figure 10 illustrates a 


Fig. 13--Fired Pressure Vessel 


Yarrow type boiler of which design and complete specifi- 
cations were furnished by the purchaser. Upper drum 
diameter 54 in., lower drums 24 in. Figure 11 illustrates 
a Union Dowtherm Generator. Furnace is completely 
Dowtherm cooled. Upper drum diameter 30 in., lower 
drum 24 in. Figure 12 illustrates a Union ‘S” type 
Steam Generator. Furnace has water-cooled side walls. 
Side wall headers are fillet welded inside and out to front 
heads of lower drums. Upper drum diameter 42 in., 
lower drums 28 in. Figure 13 illustrates a fired pressure 
vessel, the furnace and vessel being integral parts of the 
unit. The lower head and longitudinal joints of vessel 
are radiographically inspected because they are subjected 
to primary gases of combustion and thermal shock which 
occur on heating and cooling. Vessel operates at a com- 
paratively low pressure not requiring this inspection but 
it is our assurance to purchaser of equipment that the 
most stressed seams are of sound structure. 
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Metallurgical Properties of High Yield 
Strength Seamless Line Pipe 


By A. B. Wildert and J. D. Tyson! 


Introduction 


ONG distance transportation of petroleum, petro- 
leum products and particularly natural gas, has 
in recent years created a vast network of pipe 

lines which are the connecting links between our natural 
resources and the industrial centers of population. In 
the relatively near future, a probable additional demand 
for pipe lines will originate with the production of gas 
from coal. Although fluids have been conveyed over 
long distances for hundreds of years, the large trans- 
mission pipe line is the creation of modern civilization, 
and we are now embarking on a period of its greatest use- 
fulness. 

Steel has been almost universally used for pipe-line 
construction and one of the most important develop- 
ments in the application of this material has been the field 
welding of joints. It is the generally accepted practice 
to weld line pipe without preheating, postheating or the 
use of a back-up strip. Such practice, however, requires 
a proper steel and welding technique. After the pipe has 
been welded, it is frequently coated with a bitumastic or 
other material to prevent soil corrosion. Anodic protec- 
tion of the pipe may also be used to inhibit corrosion. 
A special corrosion resistant steel, therefore, is not re- 
quired in pipe-line construction as other methods have 
been developed for protecting the outside and inside sur- 
faces of the pipe. 

In addition to providing a suitable material for weld- 
ing, it is also important to consider the tensile properties 
of the steel. A problem of this type involves a con- 
sideration of the yield strength of the material which has 
an important economic bearing not only in the design of 
the pipe line, but also in the manufacture of the material. 
A high yield strength steel not only permits the use of 
lighter wall pipe, but also higher working pressures. If 
an expensive alloy steel is used to obtain higher physical 
properties, then the economic advantages of the material 
may be lost. Further, the yield strength is limited by 
welding requirements. Therefore, in providing a high 
yield strength material, the manufacturer must either 
utilize the full benefits to be derived from the addition of 
suitable chemical elements to the steel or resort to other 
methods for improving this property. 

Under suitable welding conditions, it has recently been 
developed that steel melted to 0.40% max. carbon and 
1.40% max. manganese with a minimum yield strength of 
52,000 psi. may be used for pipe lines. A steel of this 
type may be economically produced in large diameter 
seamless pipe. This should be compared with steel 
melted to 0.30% max. carbon and 1.25% max. manganese 

* Scheduled for Twenty-Eighth Annual Meeting, A.W.S., Chicago, IIL, 
week of Oct. 19, 1947. 

+ Chief Metallurgist, National Tube Co., U. S. Steel Corp., Subsidiary, 
Pittsburgh, Pa. 


t Chief Metallurgist, Lorain, Ohio, Works, National Tube Company, U. S. 
Steel Corp. Subsidiary. 


with a minimum yield strength of 42,000 psi. which js 
commonly used for line pipe. Naturally, a steel with 
higher chemistry requires a different welding techniqu 
but a steel of this type provides a joint that possesses in- 
herent physical properties after welding which are closely 
related to the chemistry of the original material. 

Pipe for oil or gas transmission lines is often machined 
on the ends with a 30° bevel and a '/j-in. face. Joints 
are usually lined up, and tack welded, but if an internal 
line-up clamp is used, the necessity of tack welding is 
eliminated. In the manual metallic are welding of light 
wall line pipe, usually a root bead, one or two filler beads 
and a cover bead are used. Defects in a weld of this typ 
are usually localized and, therefore, the strength of th 
joint is maintained. All-position welding is frequent) 
used, and multiple passes have the effect of heat treating 
the deposited metal except for the last pass which is th 
cover bead. When pipe bends in the line are required 
the main body of the pipe may be hot or cold bent so that 
the weld is not subjected to this treatment. In this 
vestigation, manual metal are welding was employed 
although other types of welding have been used in thi 
field. Due to the fact that only seamless pipe was con 
sidered, the problems encountered in girth welding wer 
studied. 


Purpose of Investigation 


This investigation involves a study of the properties“! 
a new grade of seamless line pipe with a 52,000 psi. 1m 
mum yield strength and 75,000 psi. minimum tens! 
strength. In the manufacture of the seamless pipe, t" 
approach to these requirements involved the use 0! Ca’ 
bon and manganese. Due to the fact that current pr 
tice in the manufacture of seamless line pipe has bee! 
limited to 0.30% max. carbon, 1.25% max. mangaties 
with a minimum yield strength of 42,000—45,000 psi.“ 
pending on the wall thickness), the application 0! se" 
less pipe with a minimum yield strength of 52,(00 )" 
involves a number of problems due to appreciable meres 
in strength characteristics. 

Upon the basis of extensive experience in the proc 
tion of seamless casing with a minimum yield strength’ 
55,000 psi., it was concluded that the physical prope. 
requirements of the new grade of seamless line pipe“ 
be obtained by melting steel to 0.40% max. carbon, ! rv 
max. manganese. Steel of this type was successiull 
rolled into 26-in. diameter seamless pipe and satisiact” 
tensile properties were obtained. An evaluation ©! rv 
metallurgical properties of the material remained to * 
determined and it is only this phase of the work which = 
be discussed. Although other interesting problems "" 
encountered in the manufacture of this new grade y 
steel, the user is primarily interested in the prope™® 
the material, particularly with regard to welding. 
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Table 1—Chemical and Physical Properties of the Steel Tested 


c 
Yield Ultimate Elonga- 
Code 1000 1000 tion in 
No. Type Process % Mn% PY S% Si% Psi. Psi. 2 In. 
A 26-in. O.D. x 0.303-in. wall pipe O.H. 0.36-0.39 1.24-1.28 0.014 0.033... 55-69 86-100 27-35 
B 18-in. O.D. x 0.312-in. wall pipe O.H 0.38 1.42 0.010 0.023 0.24 65 98 28 
Cc 20-in. O.D. x 0.312-in. wall pipe O.H. 0.22 0.47 0.008 0.022 43 64 42 
D 26-in. O.D. x 0.303-in. wall pipe O.H. 0.30 1.12 0.011 0.023 
E 26-in. O.D. x 0.303-in. wall pipe O.H. 0.31 1.26 0.011 0.022 
F 26-in. O.D. x 0.303-in. wall pipe O.H. 0.36 1.14 0.009 0.021 
G 26-in. O.D. x 0.303-in. wall pipe O.H. 0.37 1.36 0.010 0.026... 
H 0.303-in. gage plate LF. 0.32 1.35 0.016 0.027 0.08 
I 0.303-in. gage plate + 0.37 1.37 0.016 0.027 0.08 
J 0).303-in. gage plate L.F, 0.41. 1.16 0.015 0.026 0.05 
K 0.303-in. gage plate L.F, 0.40 1,34 0.016 0.025 0.07 
I (.303-in. gage plate I.F. 0.40 1,42 0.011 0.019 0.09 
O.H.—basie open hearth. 
|.F.—induction furnace. 
Table 2—Chemical and Physical Properties of the Weld Metal 
or 
Elonga- 
Typical Analysis of Deposited Metal ~ Yield Ultimate tion in 
Electrode C% Mn% Si% P% S% Mo% % Cr% 1000 Psi. 1000 Psi. 2 In. 
(U) E6010 0.10-0.14 0.40-0.55 0.01 0.030 0.0385  ..... ..... 53-60 65-77 22-30 
max. max. max. 
(V;) E7010 0.09-0.13  0.50-0.65 0.10 0.0385 0.035 0.50-0,55 ..... 62-66 77-82 18-25 
max. max. 
(V:) E7010 0.08 0.70 0.28 0.019 0.015 0.48  —..,.... a 62-70 73-85 20-25 
(V;) E7010 0.07 0.34 0.15 0.017 0.022 0.652  ...... “ 57-63 72-80 25-28 
(W) E8011 0.11 0.34 0.54 73-75 88-90 19-20 
(X) E10010 0.09-0.13 0 0.70-0.85 0.10-0.15 .. 90-100 103-112 14-17 


In order to develop metallurgical information con- 
cerning the behavior of the new material under welding 
conditions, the influence of welding technique was ex- 
plored. This involved a study of various types of weld 
rod combinations and weld bead sequence in girth welds. 
\ range of chemistry was explored. In addition, tensile 
tests, bend tests, microstructure, hardness surveys, X-ray 
examinations and weld bead tests were studied. 


Materials 


The chemical and physical properties of the various 
steels used in this investigation and the type of material 
tested are shown in Table 1. Chemical and physical 
properties of the weld metal in the as-welded condition 
re shown in Table 2. Electrodes V;, V2 and V; although 
ol the same type, were of different manufacture. All of 
the open-hearth steels were tested in the as-rolled con- 
‘ition and the induction furnace heats were normalized. 

_The chemical and physical properties of approximately 
) 160-ton heats of steel, which have been rolled into 
“in. O.D. x 0.303-in. wall line pipe, are as follows: 


Actual Range 


Specification 
Carbon 0.40% max. 0.30-0.39% 
1.40% max. 0.94-1.36% 
0.040% max. 0.007-0 .027% 
0.050% max. 0.017-0.047% 
Residual 
Jeid strength, psi. 52,000 min. 53,500-74,000 
strength, psi. 75,000 min. 79,400-100,000 
4ongation in 2 in. 22% 22 .5-38.0% 


... 26-in. O.D. x 0.303-in. wall line pipe used in this 
"estigation was selected from the above heats. The 
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other types of material tested were melted on the basis of 
chemistry, as all of the regular production heats had not 
been melted at the time of the experimental program. 


Testing Methods 
Girth Welds 


Circumferential welding of full pipe sections was used in 
this investigation. The pipe was rotated and manual 
metallic arc welded with coated electrodes in a down- 
hand position. After tack welding a root or stringer 
bead was applied, followed by a filler bead and finally a 
face or cover bead. The type of joint and welding se- 
quence are shown in Fig. 1. Possible modifications of 
the welding sequence described in Fig. | are indicated 
elsewhere in this investigation. Except where noted, the 
girth welds were not preheated, post heated or stress 
relieved. 


Weld Bead Tests 


In order to reduce the variables associated with manual 
metallic arc welding, weld bead tests shown in Fig. 1 were 
made at the U. S. Steel Corp. Research Laboratory. 
These beads were deposited with an automatic welding 
head with a stick electrode attachment. As may be 
noted from Fig. 1, two single weld beads were deposited 
on each steel specimen. One bead, 6-in. in length, was 
deposited using a */,-in. diameter electrode with 180 
amp. and 9-in. per minute travel speed. The plate was 
at 80° F. prior to deposition of this bead. A second bead, 
3-in. in length, was deposited using a °/s-in. diameter 
electrode with 170 amp. and 17-in. per minute travel 
speed. The plate was cooled to 32° F. prior to deposition 
of this bead. The reason for depositing two beads of such 
widely different characteristics was to represent (1) nor- 
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mal or average welding practice and (2) the most unfavor- 
able welding conditions that might be encountered, par- 
ticularly in tack welding. An E-7010 welding rod was 
used for both beads. A transverse section of the weld 
bead test was examined and the microstructure and hard- 
ness evaluated. A longitudinal section of pipe was also 
used so that the beads would be deposited under condi- 
tions similar to the plate specimens. 


(a) TyPe of Joint 


We Sequence 


Tensile and Bend Tests 


Tensile tests of the original pipe and plate material 
were conducted in accordance with Specification AP] 
5-L. The tensile test specimen for unwelded pipe or 
plate is shown in Fig. 2. Tensile test specimens of welded 
pipe sections are also shown in Fig. 2 and, except where 
noted in the investigation, excess weld metal was not 
machined from the specimen. Although tensile test strip 


(6) Deposition of Bean 


2/6 ROD, 180 AMP, Bo’ 
S/MIN. TRAVEL SPEED 


5/32 ROD, 170 AMP 
2°F 77MIN. 


HarRDNESS AND Microstructure Test 


» 


——-—FILLER ELECTRODE 


—STRINGER ELECTRODE 


—~-cCoveR ELEcTRODE 


Fig. 1—Type of Welded Joints and Weld Bead Tests Used in Investigation 


(a) TENSILE Test Specimen For Pire 
or Pirate Berore WELDING 


TENSILE AND BEND Specimen 
For Wetp Test 


(b)Vicxers HARDNESS Survey oF WELD 


10 KG, LOAD 
1 KG. LOAD 


TRaveRSE 
TRAVERSE *3 -*4 


.5- Ke. Diamonp HarDNess Survey oF WeELD 


LOCATION OF HARDNESS TRAVERSE W s 
VARIED BASED ON MicROSTRUCTY 
EXAMINATION. 


Fig. 2—Tensile, Bend and Hardness Test Specimens 
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Crack in Face Benno Test 


specimens from welded pipe are usually prepared by oxy- 
acetylene flame cutting, in this investigation the speci- 
mens were machined from the pipe. 

A guided bend test with a °/s-in. radius plunger was 
used. Except where noted in the investigation, the 
guided bend test specimens were similar to the tensile 
test specimens of the welded pipe sections shown in 
Fig. 2. In the bend test, pressure was applied in a ten- 
sile testing machine until a crack appeared or until com- 
pletion of a 180° bend. Since the °/s-in. radius plunger 
was smaller than the A.W.S. standard */,-in. radius 
plunger, the bends made in these experiments can be 
considered more severe than the standard guided bend 
test. Although the influence of aging on bend test re- 
sults is frequently considered significant, this factor was 
not evaluated. 


Hardness Tests 


The Vickers hardness tests were conducted with a 1- 
and 10-kg. load on a standard Vickers hardness tester. 
Caution was exercised in applying a suitable load during 
testing because of inertia effects in the machine. In addi- 
tion to these tests, hardness determinations with a 0.5- 
kg. load were made by the U. S. Steel Corp. Research 
Laboratory. A transverse test specimen selected from 
the weld was polished for hardess testing. The speci- 
men was machined from the welded pipe or plate section 
so as to eliminate any effects from heating. The locality 
of hardness surveys is shown in Fig. 2. 

_In determining the maximum hardness of a weld, con- 
siderable care must be exercised to secure satisfactory 
results. The U. S. Steel Corp. Research Laboratory de- 
veloped the 0.5-kg. load hardness testing machine used in 
this investigation. This machine, referred to as “Inter- 
mediate DPH Tester,’’ comprises an indenting mecha- 
nism, a mechanical stage for holding the specimen, a mi- 
croseope for locating the test field and measuring the im- 


Fig. 3—Typical Failures in Bend Tests 


Crack in Root Benn Test 


pression, and a control box for automatically spacing the 
impressions. The reading error in the range of hardness 
investigated with a 0.5-kg. load is less than 1%. The er- 
ror in hardness number for this reading error is not more 
than +2%. 


Other Tests 


X-ray examination of welded pipe joints was conducted 
with a 185,000 volt X-ray machine and radiographs of the 
complete welds were made. Any indications in the radio- 
graphs of cracks or other defects in the weld were con- 
firmed by metallographic examination. 

Metallographic examination of the weld heat-affected 
zone base metal and the base plate was conducted on a 
transverse weld section which was also used for hardness 
testing. Weld specimens were machined from the pipe in 
order to eliminate the possible heat effect of flame cutting. 


Bend Test Technique 


In welding pipe lines, the bend test is frequently used 
for qualification of welders and as a control test. The 
welders must be familiar with proper adjustment of weld- 
ing current, securing proper penetration and control 
other factors in order to achieve satisfactory results. 
Although a guided 180° bend over a */, in. radius is the 
standard test and is frequently considered a satisfactory 
qualification or control test for line pipe welders, it has 
not been shown that a bend of this severity is necessary 
for line pipe service. 

A weldment of 52,000 psi. minimum yield strength ma- 
terial should not be expected to have the same bending 
properties as a weldment of 35,000 psi. minimum yield 
strength material due to the difference in minimum, elon- 
gation. In addition to its intended function of indicating 
the defects that may be present in the weld, the bend 


Rod combination : 


Table 3—Bend and Tensile Test Results of Welded Pipe 


(9 Rod combination : V;— E7010 (root), W—ES8011 (filler), W— 


— —— —— Tensile 
Face Bend Root Bend Elonga- 
F Weld No. of No. of Vield Ultimate tion in 
Treatment Rod Bends Angle Bends Angle 1000 Psi. 1000 Psi. 2 In. 
U 26-In. O.D. x 0.303-In. Wall (0.36-0.39% Carbon, 1.24-1.28% Manganese Steel) 
Pt a (1) — 135° 6 160° 68 91 22 
over bead ground flush (1) 6 170° ss 
aot bead ground flush (1) ~ 6 175° 
ver bead and root bead ground flush (1) 3 180° 3 140° 
Un 20-In. O.D. x 0.312-In. Wall (0.22% Carbon, 0.47% Manganese Steel) 
on (2) 6 180° 6 180° 46 66 29 
Root ground flush (2) 6 180° 
Sot bead ground flush (2) 6 180° 


E8011 (cover). 


U—E6010 (root), U—-E6010 (filler), U—E6010 (cover). 
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test is to a great extent a measure of the ductile properties 
of the weldment at the outer fibers of the bend. It can 
. be recognized, therefore, that the conventional bend test 
for low yield strength material is not truly applicable to 
sound welds of high yield strength material. If a test of 
this type is to be applicable for all types of welded line 
pipe joints, there should be some modification which more 
clearly recognizes varying levels of ductility, depending 
upon the strength of the material tested. It is believed 
that a practical approach to such a modification would 
be to vary the radius of the bend test so that the maxi- 
mum elongation in making a 180° bend would be propor- 
tional to the expected elongation of the material welded. 
In the standard bend test, the types of failures usually 
encountered are shown in Fig. 3. 

The cover bead in the tensile test of line pipe welds re- 
inforces the weld and strengthens the heat-affected zone, 
but is detrimental in the bend test, due to stress concen- 
tration associated with the notch effect. Lack of proper 
penetration or excess weld metal in root bead also de- 
velops a notch effect which is harmful. In order to evalu- 
ate this situation, a number of special bend tests were 
performed. 

In Table 3, bend and tensile test results obtained with 
various types of specimens in 26-in. O.D. x 0.303-in. wall 
high yield strength pipe and 20-in. O.D. x 0.312-in. wall, 
35,000 psi. minimum yield strength pipe are summarized. 


The procedure for making the bend tests have been de. 
scribed previously. In the face bend test of high yield 
strength pipe, grinding the cover bead to eliminate 
notches improved the results. Grinding the root bead js 
beneficial in the root bend test if a notch is present. |» 
the root bend, grinding of the cover bead decreased the 
reinforcing effect of this bead and adversely affected the 
test results. There was no appreciable difference in th: 
bend test results of normal yield (35,000 min. psi.) pipe 
The tests reported in Table 3 were made on machine-cut 
specimens. 


Influence of Preheat, Postheat and Pipe Temperature 


Although ordinary line pipe is not preheated or post 
heated during welding, pipe temperatures may vary 
The effect of these variables on tensile and bend test re 
sults are reported in Table 4. Three specimens were used 
for each test. The test specimens were milled and the 
bead, under tension in bending, was ground fiush with 
pipe surface. Preheat had little effect on the bend test 
results due to the loss in temperature during welding 
Postheat showed possible improvement in bend test re 
sults and this may indicate the metallographic structure 
adjacent to the cover bead is affected by the post-heat 
treatment and the residual stresses may be more com 
pletely removed. No appreciable differences in bend 


Weld Face Bend 

Heat Treatment Rod Angle 
Cooled to 25° F. (1) 150° 
Cooled to 25° F. : (3) 180° 
None (70° F.) (1) 160° 
None (70° F.) (2) 160° 
None (70° F.) (3) 180° 
Preheat 250° F. (1) 160° 
Preheat 250° F. (3) 160° 
Preheat 600° F. (1) 140° 
Preheat 600° F. (2) 130° 
Postheat 1000° F. (1) 180° 
Postheat 1000° F. (2) 180° 


Table 4—Influence of Preheat, Postheat and Pipe Temperatures When Welding 0.36-0.39% C, 1.24-1.28% Mn Steel 


Weld Tensile Tests 


Root Bend Yield Ultimate Elongation 
Angle 1000 Psi. 1000 Psi. in 2 In, 
180° 74 93 29 
180° 75 89 10 
180° 68 91 22 
180° 79 94 10 
180° 74 97 15 
180° 75 90 2 
180° 73 94 15 
155° 72 92 13 
170° 74 O4 13 
180° 69 93 17 
180° 66 85 9 


(1) Rod combination: V;—E7010 (root), W—E8011 (filler), W—ES8011 (cover). 
(2) Rod combination: 
(3) Rod combination: 


V:—E7010 (root), X—E10010 (filler), X—-E10010 (cover). 


Table 5—Effect of Various Welding Rod Combinations on Bend and Tensile Tests of 0.36-0.39% C, 1.24-1.28% Mn Steel 


Type of Weld Rod Root Bend 
Root Filler Face Angle* 
U J U 180° 
x U U 180° 
U +4 U 180° 
A x U 180° 
x x > 180° 
U a xX 165° 
U 180° 
U U x 180° 
Ve Ve Ve 180° 
WwW W WwW 180° 
Vs; V3 V3 180° (b) 
V2 x x 180° 
V3 WwW WwW 170° 
Vi x x 180° 


* All results represent an average of three tests except (a) 1 test, and (b) 2 tests. 
Rod type: U—E6010, V:i—E7010, V:—E7010, V;—E7010, W—E8011, X—E10010. 


—————Weld Tensile Tests 


Face Bend Yield Ultimate Elongation 
Angle* 1000 Psi. 1000 Psi. 2 In 
180° (b) 63 89 9 
115° 74 89 9 
90° 72 97 17 
70° (a) 75 102 17 
180° (b) 73 97 15 
130° 70 100 li 
170° (b) 71 94 21 
165° 70 84 
85° 72 93 21 
170° (b) 73 95 1s 
150° 62 88 16 
165° 72 98 16 
160° 65 95 lo 
170° 76 95 Ip 
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test results were found in pipe temperatures of 25° to 
50° F. 

in pipe-line welding, the root bead is generally sub- 
iected to the greatest cooling rate and, therefore, is most 
susceptible to cracking. This bead, however, is subject 
to a tempering treatment resulting from deposition of the 
filler bead. The filler bead receives a similar treatment 
when the cover bead is deposited. The cover bead does 
not receive the beneficial effects of a tempering treatment. 
in the bend test, the surface contour of the cover bead 
produces a notch effect and the area at the notch is sub- 
iected to the greatest stress concentration. Therefore, 
in a sound weld, the face bend is more generally suscep- 
tible to failure. 


Results with Various Types of Weld Rod Combination 


In the welding of ordinary line pipe, a low tensile rod 
such as E6010 is generally used. The cover bead with re- 
inforcement not only strengthens the cross section of a 
weld in the tensile test, but, in addition, is responsible for 
a special type of stress distribution developed in the 
bend test. Therefore, not only the strength characteris- 
tics of the weld metal, but the type of weld beads, partic- 
ularly the face bead, are significant. 

Special consideration with reference to bend test re- 
sults, should be given to the weld rod combination used 
in the welding of high yield strength line pipe. The shape 
of the weld beads used for high yield strength line pipe 
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Fig. 4—-Microstructure, Girth Welds. 100 X. Etchant, Picrol-Nital 
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welds (Fig. 1) were similar to the practice used for ordin- 
ary line pipe. In this investigation, various weld rod 
combinations were studied and the results are summar- 
‘ized in Table 5. The test specimens were milled and the 
bead, under tension in the bend test, was ground flush 
with the pipe surface. 

All of the weld rods were coated. The lime base 
coated rod was not included since additional develop- 
ment work is necessary before this rod is applicable to 
all-position welding. The influence of hydrogen on the 
cracking susceptibility of steel is recognized and, al- 
although the commercial aspects of the low hydrogen 


rod place certain restrictions on its use in line pipe weld. 
ing, the technical significance of this development is of 
general interest. 

It will be noted in Table 5 that little difference was ob. 
served in the root bend tests with various types of weld 
rod combinations. Variation in the face bend results 
were obtained. Although the E6010-E6010-E6010 rod 
combination resulted in satisfactory bends, the weld 
yield strength and elongation were low and all tests 
broke in the weld. Whenever more than one bead of 
E6010 rod was used, the weld tensile test elongation was 
generally low. It is interesting to note that whenever a 


Table 6—Influence of Chemistry on Tensile and Bend Tests 


Weld Rod* 
Combination 
U—U—U 
Vi—-X—X 
Vi—-X—X 


* Welding rods: U—E6010, V;—E7010, X—E10010. 


No. Tests 
Each Group 


———Weld Tensile Tests. 
0 
Elonga- 
Face Bend Root Bend Yield Ultimate tion in 
Angle Angle 1000 Psi. 1000 Psi. 2 In. 
180° 180° 66 29 
165° 180° 98 19 
149° 180° 105 16 


--— 


Heat Arrectep SHELF 
Marrensite 


SHOWING No MARTENS'TE 


Fig. 5—Microstructure Showing Martensite-Girth Welds. 1000 x. Etchant, Picrol-Nital 
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No. C% Mn% 
0.22 0.47 6 
Seat A 0.37 1.27 6 
B 0.38 1.42 
‘ 
HEAT AFFECTED SHELF 
0 
Lax Proper 
CTOBER 


A, Rezular Procedure 


Special Procedure 
C Special Procedure 


Fig. 6—Special Weld Procedure. Root Bead E7010. Second 
and Third Beads E10010 


high-strength rod is used in either the first or second beads 
ind covered with a soft E6010 rod, the face bend tests 
were generally poor. For these reasons, a higher strength 
rod than E6010 was used for the grade of steel under in- 
vestigation. 

The results with relatively high-strength rods E10010 
or E8011 in all three beads were slightly superior to the 
use of an E7010 rod for the root bead, followed by two 
beads of either E10010 or ESO11 rods. These combina- 
tions appeared to be preferable to the use of E7010 rods 
for all three beads. 

In addition to the bend test results, it is significant to 
observe the tensile test results. The tensile test fractures 
of those weld rod combinations which showed improve- 
ment in the bend tests, were usually located in the unaf- 
lected base plate. With the use of a high strength weld 
rod combination and excess weld metal in the face bead, 
the tensile properties of welded high yield strength line 
pipe, with the exception of the elongation, should be es- 
sentially dependent upon the strength of the base plate 
material. The bend test results, due to their relationship 
to ductility and welding technique of individual welders, 
are subject to greater variation in the welding of high 
yield strength line pipe. 

Tests of this type do not evaluate the material with 
regard to cracking susceptibility in the same manner as a 
tadiograph of the weld. Radiographic tests were con- 
ducted and are described later. 

The weld rod combination used in the field welding of 
high yield strength line pipe is particularly significant 
with reference to conventional tensile and bend test re- 
sults. In addition, the welding technique, particularly 
with reference to the skill of the welder, should be recog- 
nized. Not only does the nature of the face bead exert an 
influence on the test results obtained, but the technique 
‘n applying the root bead is particularly significant. 


Influence of Chemistry on Girth Welds 


A number of girth welds made in accordance with the 
procedure described in Fig. 1 were examined in order to 
evaluate the influence of chemistry on the structure and 
Properties of the welded pipe joint. The bend and tensile 
‘est results are shown in Table 6. It will be noted that 
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the bend tests in ordinary line pipe, Code C (Grade B— 
20-in. O.D. x 0.312-in. wall) were 180°. The tensile 
tests corresponded to the grade of steel involved and the 
specimens broke in the base plate. 

The 26-in. O.D. x 0.303-in. wall pipe (Code A) with a 
chemistry of 0.37% carbon, 1.27% manganese had root 
bends which withstood 180° bend, but several failures 
occurred in the face bend tests, although the average 
angle of bend was nearly 180°. The yield and ultimate 
strengths of the weld tensile tests were much higher 
compared to ordinary Grade B line pipe material, due to 
the higher chemistry pipe and weld rod. The elongation 
was lower and the tensile tests usually fractured in the 
base plate, although in two instances fracture occurred in 
the weld. 

The 18-in. O.D. x 0.312-in. wall pipe (Code B) had 
bend and tensile tests similar to the 26-in. O.D. x 0.303- 
in. wall pipe. The higher chemistry of the 18-in. O.D. 
pipe was responsible for the lower average angle of bend, 
although the angle of bend was nearly 180°. The high 
chemistry was responsible for the increased yield and 
ultimate strength of the weld tensile test, but decreased 
the elongation. Two of the weld tensile tests fractured 
in the weld, while the remainder fractured in the base 
plate. 

The hardness survey made in accordance with the pro- 
cedure described in Fig. 2 and microstructure of several 
high yield strength welds are shown in Table 7. It will 
be noted that the maximum diamond pyramid hardness 
(10-kg. load) of the heat-affected zone was 357 and the 
maximum diamond pyramid hardness (0.5-kg. load) of 
the same zone was 452 in the high chemistry weld. 
Martensite was observed only in the shelf associated with 
the face bead of the highest chemistry weld. No cracks 
were observed in the hardened structure. The presence 
of martensite was associated with the shape of the face 
weld bead and the fact that this bead is not heat treated 
as the filler bead or root bead. The martensite area is 
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Fig. 7—Nature of Cracks in X-ray Examination 
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Table 7—Influence of Chemistry on Hardness and Microstructure 
DPH Hardness 


Unaffected 
Base Metal, 
Max. 
No. of 
Tests 


C% Load 


Table 8—Influence of Chemistry on Bead Welds 


Max. 
Hardness, * 
DPH 


Microstructure 

at Max. 

Hardness 
Martensite—90% 
Martensite—90% 
Martensite—99% 
Martensite—85%% 
Martensite—90% 
Martensite—99% 
Martensite—95% 
Martensite—99% 
Martensite—99% 


C% Mn% 
0.30 
0.31 
0.32 
0.36 
0.37 
0.37 
0.41 
0.40 
0.40 


od 
D 
E 
H 
G 
I 
J 
K 
L 


* 0.5-kg. load. 


well surrounded with more ductile material and is not 
associated with mechanical stress raisers. Typical 
microstructures are shown in Figs. 4 and 5, and it will be 
noted that the weld metal and heat-affected zone of the 
cover bead differ from the filler or root bead. 

Due to the nature of the hardness results which were 
associated with the shelf of the face bead, different meth- 
ods for depositing the weld beads are suggested. In Fig. 
6, two special procedures are proposed which may re- 
duce the possible formation of martensite, and tests of 
these welds are in progress. 

In Fig. 7, the nature of cracks observed in the X-ray 
tests are shown. In addition, the nature of occurrence of 
slag pockets or ‘‘car tracks” is shown. Cracks observed 
in, these high yield strength welds are associated with 
welding technique. In approximately 500 in. of welds 
X-rayed, a few cracks were observed. 

The crack shown in Fig. 7 (b) was associated with poor 
welding technique and was due to lack of penetration in 
the root bead. The crack shown in Fig.7 (c) was also 
due to poor welding technique, originating at the root 
bead. In Fig. 7 (d) the crack is associated with a tack 
weld and would not occur in pipe not tack welded. The 
results of the X-ray tests indicate the importance of good 
welding technique which applies not only to high yield 
strength line pipe, but also to ordinary line pipe. The 
precautions to be observed in welding ordinary line pipe 
are not as important compared to high yield strength 
line pipe. 


Influence of Chemistry in Bead Welds 


The bead welds were made in accordance with the 
procedure already described and illustrated in Fig. 1. 
A 0.5-kg. load was used in hardness testing. The hard- 
ness and microstructure in Table 8 are from weld beads 
deposited with a °/s-in. rod and 17-in./min. travel 
speed. This type of weld bead involves extremely fast 
cooling rates and should be used only for a comparison of 
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Heat- 
Affected 
Zone, Max. 
10-kg. 1-kg. 
Load 
0,35 1,26 8 207 266 


Weld 
Metal, 
Max. 


Heat- 
Affected 
Zone, Max. 
10-kg. 0.5-kg. 

Load Load 
210 258 


Microstructure 


Pearlite, bainite and ferrite 
without any martensite 
2 to 20% martensite 


various types of steel and not directly with girth weld test 
results. 

Although carbon is usually associated with the hard- 
ness of welds, it will be noted in Table 8 that manganese 
is also a factor. In steel containing 0.30-0.32% C an in. 
crease from 1.12 to 1.35% manganese resulted in an in. 
crease in maximum hardness. Similar results were ob- 
tained with steel containing 0.36-0.37% C. However, 
with 0.40-0.41% C material, an increase from 1.16 to 
1.42% manganese did not appreciably change the maxi- 
mum hardness obtained due to the high carbon content 
of the material. These results indicate that under cer- 
tain conditions, it may be more desirable to increase the 
carbon content in preference to manganese in order to se- 
cure higher yield strength material. A closer relationship 
to the conditions encountered in girth welds will be ob- 
tained when results from tests being conducted with a 
3/,e-in. rod and 9-in./min. travel speed are available. In 
line pipe welding, carbon has usually been considered the 
most important factor with respect to the maximum 
hardness obtained in the weld. These results indicate 
that under certain conditions, manganese may be the 
controlling factor. 


Summary 


1. Various factors relating to the bend tests in high 
yield strength line pipe were investigated. Removal by 
grinding of the mechanical notch effect of the outside 
bead improved the ductility of the welded joint as meas- 
ured by the bend test. | 

2. Various types of weld rod combinations and their 
influence on the physical properties of the welded joint 
were investigated. High strength weld rod combinations 
involving Types E7010, E8011 and E10010 electrodes 
produced the best results for high yield strength line pipe 

3. The influence of chemical composition of pipe ma 
terial on the physical properties of welds in high yield 
strength line pipe was evaluated, and the relationship 0! 
carbon and manganese developed. A minimum yiel! 
strength of 52,000 psi. and minimum tensile strengt! ©! 
75,000 psi. were obtained with open-hearth steel pip: 
containing 0.40% max. carbon and 1.40% max. mat.% 
nese. 

4. Results with X-ray analysis of girth welds 10 high 
yield strength line pipe indicated the importance “ 
proper welding technique. 
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Some Unusual Features Encountered 
in Investigating Cracked Welds in 
35/15 Magnesium Retorts 


By H. J. Nichols' 


Summary 


IGH alloy castings of the H.T. (Alloys Castings 
Hesse designation )type have long been popular 
for high temperature service. The average de- 
signer’s conception of these alloys as being readily weld- 
able may not be entirely warranted, particularly with re- 
gard to the higher carbon cast materials. 
This paper presents the results of an investigation into 
a sudden epidemic of weld cracks encountered in a Can- 
adian magnesium plant. The methods used were statis- 
tical examination of data, metallographic examination of 
cracked welds and temperature measurements of the re- 
tort in service. It was determined that the cracking of 
welds was due to: (1) Higher than usual rigidity of re- 
torts at the service temperature, resulting from increased 
carbon content; (2) location of welds within a carbide 
precipitation temperature zone; and (3) loads on the 
retorts causing plastic strain and deformation of the 
weld metal. 


Introduction 


A Canadian company, producing magnesium by the 

Pidgeon process, uses 35% Ni-15% Cr (H.T. alloy) re- 
torts, heated externally in a Globar furnace to the oper- 
ating temperature of 1170° C. (2138° F.). The retorts 
are cast in three sections—cap, barrel and condenser— 
id assembled by welding with commercial 35/15 elec- 
trodes. In the past the retorts exhibited service lives 
in the order of 300 days and generally failed by wall cor- 
rosion. 
Suddenly, service life dropped to approximately 45 
days and all failures were caused by cracks in the bottom 
area of the circumferential weld joining the condenser to 
the barrel. All cracks were at approximately the center 
oi the weld and were circumferential. All weld-frac- 
tured surfaces showed a woody type of fracture; and a 
careful examination revealed some fine cracks in the 
welds and adjacent to the welds, all circumferential in 
direction. 

The sharp reduction in service life constituted a serious 
problem and an investigation was launched immediately 
‘o determine the cause of failure. 


Statistical Examination of Data 


, The magnesium production process had, prior to this 
outbreak, been the subject of other statistical surveys to 
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determine optimum operating conditions and retort com- 
position. When any such process which has previously 
operated smoothly and efficiently suddenly encounters 
serious difficulty it is immediately known that the proc- 
ess has been changed or a new factor has been introduced. 
In brief, such a sudden rash of trouble is due to an as- 
signable cause and cannot be due to chance. This being 
the case, it is natural to attempt to determine whether 
any particular furnace, or bank of retorts within a fur- 
nace, is a source of a higher percentage of failures than 
other similar equipment. The possibility always exists 
of furnace foundations sagging and/or retort support 
shifting to throw new loads on the retorts. Providen- 
tially, complete records were available of all retorts and 
statistical examination of these data revealed that there 
was no significant differences in percentage failures be- 
tween various furnaces or banks within furnaces. This 
result tended to focus attention on the retorts alone. 

On further investigation it was found that the carbon 
content of the retorts had been increased from 0.25% 
maximum to 0.40% maximum in an effort to prolong 
service life by increasing the creep resistance at the oper- 
ating temperature. It was just after the introduction 
of these higher carbon content retorts that the weld 
cracking difficulties were encountered. A _ statistical 
analysis of the data on retorts with short service life 
showed that there was an unquestionable correlation be- 
tween carbon content and service life. Figure 1 shows a 
graph of service life versus carbon content. It can be 
shown mathematically! that such a distribution can be 
due to chante only in two out of 100 such samples; that 
is, it may be considered definitely proved that high-car- 
bon centent (in excess of 0.27%), or some property of the 
metal associated with it, was having an adverse effect on 
service life under the conditions of operation to which the 
retorts in this sample were subjected. 


Metallurgical Examination 


Having determined that carbon content of the retorts 
was a factor in shortened service life, it was considered 
desirable to determine the mechanism of failure. If 
some change of operating conditions would eliminate 
failures it would then be possible to secure the advantage 
of higher creep resistance of the higher carbon retorts. 
Such a change would be warranted provided it did not 
introduce further difficulties. 

Chemical analyses were made of a number of retorts 
and a standard A.W.S. analysis pad prepared with the 
electrodes used. The following table shows analyses 
typical of those obtained: 
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Fig. 1—Retort Carbon Content Versus Service Life 


Si, Sr, Ni, Mo, 
oF 


o7 
/0 /O 40 /O 


0.82 16.08 0.15 
0.65 13.67 Trace 


Retort 
Weld metal 


It is noteworthy that some carbon analyses ran as 
high as 0.45%. This is not unusual in aiming for a 0.40% 
maximum, but it does tend to make worse an already 
critical situation. 

A typical cross section of a retort, including the con- 
denser-to-barrel weld and its cracks, is shown in Fig. 2. 
The woody fracture characteristic of all cracked welds is 
shown in Fig. 3. A macrophotograph of a weld cross 
section with numerous cracks is shown im Fig. 4. A 
microscopic examination of the barrel and condenser 
material adjacent to the cracked areas of the weld revealed 


Fig. 2——Typical Cross Section of Retort Including Condenser. 
to-Barrel Weld. '!/;. Bottom View. Note Circumferentia] 
Weld Cracks 


Fig. 3—Typical Woody Fracture of All Cracked Welds. 
Note Unfused Root 


a typical austenitic matrix, massive chromium carbides 
in the grain boundaries and fine secondary carbides 
in the grains (Fig. 5). A similar examination of welds 
showed two types of secondary carbides. In areas where 
welds had not cracked, there were some fine nodular car- 
bides (Fig. 6), and in cracked welds a coarser carbide in 
the grain boundaries and needle like carbides in the 
grains. The latter carbides exhibited an unusual ‘() 
orientation one to another (Fig. 7). 

Since all the heating of the retorts is from below, it is 
known that the bottoms are at a slightly higher tempera- 
ture than the tops of the retorts. This would account for 
the coarser grain boundary carbides and generally larger 
carbides within the grains. It was theorized that the 
unusual orientation of the carbides within the grails 
might be due to precipitation along slip planes due to 
plastic strain or deformation of the metal. To assess 
the accuracy of this theory, severely deformed weld 
metal and an unstrained sample were heated together 
for 18 days at a temperature of 1400° F. Carbide pre 
cipitation is rapid at this temperature and for this reason 
this temperature was selected to reduce the rehe ating 
time toa minimum. After this treatment both were su! 


Fig. AA NAS of Typical Cracked Weld. X 1.25. Note Profusion of Weld Cracks, Untused 
Root and Crack in Barrel Material at Right 
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Fig. 5—Typical Retort Structure. 500. Etched in Vil- 

ella's Reagent. Massive Grain Boundary Carbides and Fine 

Secondary Carbides in Grains—-Austenite Matrix. Black 
Spots Are Casting Porosity 


jected to a metallographic examination. It was found 
that the unstrained sample showed fine nodular car- 
bides with no preferred orientation. On the other hand, 
the severely deformed material exhibited the 90° carbide 
orientation noted in the cracked welds (Fig. 8). It 
should be emphasized that no such carbide orientation 
was detected in the retort or condenser materials. 


Service Temperature Measurements 


It was decided to measure the temperature over the 
length of the retort within which a weld might fall, since 
the metallographic examination of welds had revealed a 
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6—Structure Typical of Uncracked Welds. 500. 
cked in Vilella’s Reagent, Fine Carbides in Grains and 
Grain Boundaries—Austenite Matrix 
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in Vilella’s Reagent. Needlelike Carbides with 90° Orientation 
in Grains and Coarser Carbides in Grain Boundaries. Frac- 
tures Are Following Grain Boundaries 


higher-than-normal amount of carbide precipitation. 
Condenser sections are used and re-used almost indefi- 
nitely since they are not exposed to very hightemperatures. 
The machining operation of preparing weld joints for 
attaching new barrels eventually necessitates the use of a 
condenser extension section which is usually made from 
scrapped barrels. Therefore the weld may shift over a 
considerable length of the assembly from the condenser 
proper toward the hot zone of the furnace. Ordinarily 
the end of the barrel projects through the furnace wall 
and from there to the end of the condenser the metal is 
insulated to prevent condensaton of the vaporized mag- 
nesium anywhere except at the condenser. 


Fig. 8—Structure of Heavily Deformed Material Heated at 

1400° F. for 18 days. X 1000. Etched in Vilella’s Reagent. 

Some Agglomeration of Secondary Carbides and Needlelike 
Carbides with 90° Orientation 


CRACKED WELDS IN 35/15 RETORTS 883 


| 
es 
ds 
Te 
if- 
in 
he 
ity 
ra- 
iT 
ver 
the 
ins 
to 
eld 
her 
re 
son 
ing 
ub- 
~ 


| 


— INSIDE WALL OF FURNACE 


APPROXIMATE INNER ANDO 
OUTER LIMITS OF ASBESTOS 
ROPE INSULATION 


TEMPERATURE DEGREES FAHRENHEIT 


i 


ao 35 30 2s 20 1s 
DISTANCE FROM OPEN END - INCHES 


Fig. 9—-Temperature of Inside Surface of Retort Versus Dis- 
tance from Open End of Retort 


Five holes were drilled at the bottom of the retort to 
within '/, to '/s in. of the inner surface at equal spacings 
from 17 to 37 in. from the open (condenser) end of the 
retort. Thermocouples were placed at the bottom of 
the holes, and ceramic cement was packed around the 
top of.the holes. The thermocouples were then connec- 
ted to a recorder. The retort was then put into service 
and temperature measurements made when equilibrium 
had been attained. Figure 9 shows the graph of position 
vs. temperature over the range selected. It will be noted 
that at distances from 20.6 to 26 in. from the open end 
the material is within the carbide precipitation range of 
temperatures from 800 to 1600° F. 


Discussion 


The unquestionable correlation between carbon con- 
tent of retorts and service life initially led to the suspicion 
that carbide precipitation and the consequent embrittle- 
ment of the metal was at least in part, responsible for 
the failures encountered. That high-carbon content 
alone was not responsible for early failure was shown by 
the fact that some retorts with over 0.50% carbon were 
still in service after 100 days. Obviously, one or more 
other factors were coming into play which together with 
high-carbon content resulted in failure. 

With alloys of this composition (0.40% carbon maxi- 
mum) it is known that carbide precipitation will be most 
severe in the temperature range between 1200 to 1600° F. 
and will persist at least as high as 2100 ° F. As shown 
by Fig. 8, metal within 20.6 to 26 in. from the open end 
of the retort will be heated within the range 800—1600° F. 
and carbide precipitation will ensue. It is interesting 
to note that it is within this range of distances that welds 
usually fall. As might be expected the metallographic 
examination revealed heavy carbide precipitation within 
the cracked welds. 

The most frequent appearance of cracks at the bot- 
toms of the barrel-to-condenser welds indicated that this 
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area was subjected to a tensile stress such as would 
encountered ina simple beam. The retorts are supporte 
inside the furnace on three equidistant saddles and th 
condenser exhaust pipes and cooling water pipes 
welded to pipe systems outside the furnace. Tensj 
stress could be thrown on the bottom of the retort if th 
condenser section is pulled up too high prior to weldi; 


to the pipe systems and so lifting the retort from one 


more saddles inside the furnace. The same effect cou 
be produced by buckling or collapsing of saddles. \¢ 
justable rollers attached to the outside wall of the fur 
nace were provided to give support for the projectir: 
barrel and condenser. Unfortunately, these were ny 
always used so that the pipe systems were carrying thi 
load. Consideration of such factors will lead to the cor 
clusion that the mechanical supporting system is of th 
utmost importance and worthy of day-to-day inspectio: 

The carbide orientation in cracked welds, and its lal 
ratory reproduction, both demonstrated that the wel 
metal was under considerable strain and that the viel 
point was probably exceeded, resulting in plastic defor 
mation. Such conditions of stress combined with sever 
carbide precipitation and thecontraction* that accompa 
ies it might be expected to result in early service failur 
The higher carbon retorts being stiffer at the servic 
temperature than was the case with those of lower carbo 
content, there is a tendency to prevent uniform distriby 
tion of stress and allow its concentration in the low-car 
bon weld metal. Where such conditions exist and t! 
welding technique is not the best possible, weld crackin 
difficulties might be expected. 

Unfortunately evidences of poor welding techniques 
were detected, such as unfused root shown in Figs. 3 an 
4. However, since all weld cracks observed apparent! 
developed at the bottom of the retorts where maximur 
tension stresses would be expected, it is reasonable to as 
sume that unfused roots were not a contributory factor 
The nonuniform change of section as a result of the wel 
joint machining operation, as shown in Fig. 4, is pout 
shop practice and further permits stress concentratu 
in welds. This latter factor could well contribute | 
weld failures but is believed to be of second order impor 
tance compared with those reported above. 


Conclusions 


1. Greater rigidity at the service temperature 
high-carbon retorts resulted in concentration of sires 
in the low-carbon weld metal. 

2. The location of welds within a temperature ratt 
conducive to severe carbide precipitation has resulted! 
embrittlement of welds. 

3. The mechanical supporting system of retorts we 
not properly maintained so that high stresses Ww 
thrown on the bottoms of retorts. 


Commentary 


As a result of this investigation the saddle type 0! " 
tort support within the furnaces was replaced by cont" 
ous support along the entire length of the retort. ©" 
tinuous maintenance inspection ensured that the ou 
furnace rollers were in constant use. The welding ** 
nique and machining operation were revised to acct?™ 


nspt \ 


ble standards and maintained there by frequent! ? 
tion. These actions resulted in a return to norma” 
tort service life. 
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Eliminate Distortion in Weldments 
and Control Residual Stresses 


By Joseph Holt 


N WELDING, to keep distortion and stresses to a 
minimum, to balance the stresses and place them so 
they will oppose whatever load the finished weldment 

is to carry, it is necessary that we fully understand the 
basic principles of heat application and the results of the 
physical actions of the heated and adjacent metal. 

If we take two pieces of metal and tack them together 
edge to edge for welding, as shown in Fig. 1, then weld 
them from edge A to edge B, we will get a change in 
ilignment. 

As the weld progresses from A toward B, heat is con- 
ducted into the adjacent metal causing it to expand. 
[his expanding metal takes the course of least resistance 
md “upsets’’ or, due to the confinement, expands in 
thickness in the heat-affected area and weld zone be- 
ause it is held from expanding transversely to the weld 
by the tacks. Also as the weld metal solidifies behind 
the are and cools somewhat, it contracts and assists in 
causing the upsetting action at the point of welding. 

On cooling, upset metal does not restretch unless 
forced to do so. 

This metal upsets most at the highest temperature when 
most plastic and pulls most to distort the member at the 
lowest temperature when it is least plastic. Thus the 
metal is distorted as shown by the dotted lines in Fig. 1. 

The shaded areas represent the heat-affected metal and 
the arrows show the direction of movement of the speci- 
men. The course of least resistance is always taken by 
the metal, whether being heated or cooled. 

Had this specimen been held rigid during the cooling 
process, the hot metal in the weld area would have 
stretched somewhat to satisfy the contraction. This 
stretching would continue until the elasticity of the metal 

* Scheduled for Twenty-Eighth Annual Meeting of A.W.S., Chicago, IIL, 
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Fig. 2—Experimental Layout 


itself would satisfy the final contraction, leaving the weld 
zone at or near yield-point tension. ’ 

The movement of the free ends in the welded specimen 
is always in the same direction as the weld travel, longi- 
tudinally with the weld, and always in toward the weld 
in transverse with it, unless some great outside force ex- 
ists or is added. This is fully proven by tests made at 
the University of Washington as well as by years of ex- 
perience in the welding field. Figure 2 shows briefly the 
‘‘setup”’ used in the tests made at the University of Wash- 
ington. 

The permanent plate C was rigid enough to resist any 
movement unless its own temperature was changed. 
The test pieces were of mild steel 3 in. wide by */j in. 
thick, and were over 5in. long. They were beveled 30 
each and no root opening. Speed of travel of the are 

ras 5 in. per minute. The rod was °/3 with 160 amp. 
on a d.-c. machine. 

The four stations on plate C were carefully located 
and drilled. It was from these points that the measure- 
ments were taken with a Whittemore strain gage for the 
side movement of the specimen. The movement to- 
ward the weld was measured with the same gage. 

All points were carefully located and measurements 
taken before welding and after the specimen was fully 
cooled in place in atmospheric conditions. When the 
specimen was well tacked at both edges and the weld tra- 
veled continuously all the way across, there was an 
edgewise movement of approximately 0.02 in. in ten 
inches of length and 0.011 in. movement toward the weld 
one-half inch in from the starting edge. One-half inch in 
from the finish edge there was a movement toward the 
weld of 0.021 in. (see Fig. 2). A and B represent the 
specimen. 
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Fig. 3—Trailer Cross Section 


If, however, the welds were made from the center of the 
specimen to the edges with the tacks the same as before, 
there was a movement edgewise of only 0.004 in. toward 
the last weld made, a movement transversely with the 
weld toward it of 0.0146 in. one-half inch in from the 
starting edge and 0.0198 in. toward the weld one-half 
inch in from the finish edge or side. 

When the sequence was changed and the direction of 
weld travel was from the edges to the center of the speci- 
men, the movement was 0.01 in. toward the second weld 
made. One-half inch in from the edges the movement 
toward the weld on the starting side was 0.0129 in. and 
on the finish or second weld side was 0.0185 in. 

If the weld traveled toward a tack, that tack, if not 
heated by the welding, always caused the weld metal to 
stretch as it cooled to satisfy the contraction while that 
metal wasin the plasticrange. A differential in tempera- 
ture of about 200° F. with proper conditions will cause a 
plastic flow in the affected metal. Welding heat always 
creates those proper conditions over considerable areas. 

When a plastic flow takes place in the weld zone during 
the cooling and partially satisfies the stresses set up in 
the cooling process, it is clear that the forces causing dis- 
tortion in the finished product are greatly diminished. 

It is only when we consider carefully just what is hap- 
pening as to expansion and contraction in the metal itself 


Fig. 3(A) 
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during the heat cycle of welding that we can visualize the 
conditions to be overcome to minimize or eliminate distor- 
tion. The course of least resistance is always followed 
by the metal. We must control that course of least resist. 
ance if we are to control the weldments distortion 
that is not generally done in the welding world today. 

It is only by the direction of weld travel with regard to 
tacks and other forms of rigidity that we can control the 
course of least resistance and force the cooling metal to 
respond to our wishes and thus place the stresses where 
they will be an asset to the finished weldment. 

Note Fig. 3. It is the cross section of a heavy trailer, 
The two heavy wide-flanged beams formed the backbone 
of the trailer. The formed channels, Nos. 1, 2 and 3, 
were welded to the beams and the channels C and ( 


LOAD 


| Loap 
Fig. 4—Poor Welding Sequence 


formed the sides. The welds between the wide-flanged 
beams and the formed channels traveled from A to B in 
the making and when the trailer was loaded to one-third 
its designed capacity it sagged and took a permanent set 
of 4'/sin. See Fig. 3 (A). 

No welds were made on the flanges of the beams but 
they were metal so situated and rigid enough to force the 
weld metal to stretch on cooling to satisfy the contraction 
so that at points B the webs of the two beams wert 
under yield-point tension. When the load was added a 
plastic flow occurred in the longitudinal members due 
to the combined effect of the residual tension and the 
load. This is just an example of load plus tension. 

The stress areas in the webs were reversed by the 
proper use of the oxyacetylene torch so that the tension 
areas were at A. When 150% of the rated load was 
added to prove to the purchaser that the trailer would now 
stand up, it sagged only one-half inch and when the load 
was removed it came back to the proper alignment. ee 
Fig.3(B). The stresses were opposed to the load. Had 
the direction of weld travel been correct when the trailer 
was first built it would not have sagged and taken th 
permanent set. 

Practice has shown beyond all doubt that stresses 
properly placed are an asset to any weldment reg urcless 
of size. If improperly placed they are dangerous t° the 
life of the weldment. 

In all structural steel welding the direction ©! weld 
travel is very vital. Take a heavy I-beam and to 1! tack 
another I-beam as shown in Fig. 4. Let A and / repre 
sent the two I-beams, C and D represent the flang: s of B, 
and E the webb of B. If we start to weld at /'s center 
and progress to C and to D, then weld across the fans 
C and D, we have the following results: As the ac 
travel from E to C and from E to D, the heated _— 
expands into the weld area and on cooling the contrat os 
puts the flanges C and D under compression. W hen Ww 
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Fig. 5—Good Welding Sequence 
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weld C and D, this compression, together with the heat- 
expanded metal of the flanges, passes into the weld area 
inan upsetting action. Ifin welding Cand D we weld as 
is usually recommended and travel from the center of the 
flanges to the edges, we again have the same effect and 
the edges of C and D come under tension on cooling. 
The point Z is under a compression stress. No matter 
in what direction we load the member B, we have the 
stresses all working with the load to cause failure in the 
joint. This joint is not a safe one regardless of how good 
the steel, welding rod and welder are. ‘Why?’ you may 
ask. Because fatigue failures occur in tension areas. 

But that is not all. We have another point to consider 

edge effect. The tension is on an edge at all points. 
That is dynamite. Try to tear a piece of paper, metal 
shim stock, canvas, or anything, by pulling on the edge. 
Now try to tear it by pulling through the center. Apply 
tension on the edge and it tears quite easily because you 
have edge effect. This applies to weldments of all sizes. 

Now let us weld another I-beam to I-beam A cor- 
rectly so as to get maximum load-carrying capacity. 
Weld fromm the edges of C and D to their centers, then 
from C and D to the center of the webb, or E. Here the 
same action takes place as to upsetting of the metal, only 
that because of the direction of weld travel we have the 
high-tension area on the final cooling located at / and the 
edges all under compression. 

Load this member in any direction and you have to 
overcome a residual compression stress at the edges be- 
lore any tension occurs to cause edge effect. This is 
worth considerable thought. All stresses in normal ten- 
sion areas are opposing the load and there is no edge ef- 
lect. See Fig. 5. 

If you have edge effect and tension combined you can 
expect nothing but failure in any weldment. 

It is needless for me to tell you of the advantages of 
the step-back or wandering sequence but have you fully 
studied just what happens in such sequences? They 
hold the key to one of the greatest forces at hand to 
minimize the dreaded distortion. Not the distribution 
ol welding heat as we think of it, but the fact that the 
distribution of the heat leaves metal so situated and at 
such a temperature as to be rigid enough to force the 
cooling metal of the following back-step to stretch to 
satisfy its contraction. This plastic flow in the cooling 
Weld does not harm it for its intended use, but rather re- 
me 1 grain as tests show and field work has fully 

roved. 

Note Fig. 6. Use this as an example. 
| Let X represent a plate to be welded into an assembly, 
3 surrounding plates being completely welded, and A, 

C,D, Eand F representing these plates. X must be 
tacked thoroughly and solidly on all sides, preferably in 
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the centers of the seams, before the welding starts. It 
must be kept in mind that there should be no high-tension 
areas at any corner of X nor at the junction of X with 
any welded seam. Fatigue failures occur in tension 
areas, so let us place the tension areas where they will be 
a help and cause least trouble. Let T represent the 
points where you wish to have the tension located away 
from corners and welds. 

Starting at the corners, the welds must progress to- 
ward T forabout 6in. Next, starting at the welds which 
join the surrounding plates and which are in contact with 
plate X, a weld must travel in each direction toward T 
for about 6in. From then on the seams must be welded 
in a step-back sequence, as shown at the junction of 
plates A and X in Fig. 6, each rod travel to be away from 
T and toward the welds already made; all steps to be 
fully welded. Note that the general direction of weld 
travel as a whole is progressing toward 7. The long 
arrows indicate the general direction of weld travel and 
the short arrows indicate the direction of rod tavel in 
back-stepping. The heavily shaded portions indicate 
approximately how the heat is conducted out from each 
step-back and the lightly shaded portion between plates 
B and X shows how the heat is conducted into the plate 
asa whole. Each causes an upsetting action in the weld 
and heat-affected area and on cooling causes a tension 
stress. 

It is evident that where each step-back is started, 
little heat is conducted out into the plate as the weld is 
almost instantaneous. This point in each step-back 
leaves metal so situated and rigid enough toforceastretch- 
ing action in the following weld as the following weld 
cools. This diminishes the distortion for two reasons: 
The metal of each step-back is forced to stretch by the 
previous step-back metal, and on the final cooling there 
is a tendency to put a tension stress across the plate at 
each T. 

Many other examples could be given but time and space 
are short. However, here are a few examples of real jobs. 

Figure 7 shows a small ferry under construction, built 
to carry cars, passengers and freight across Puget Sound. 
This hull was built in four sections or quarters, each 
quarter having three tight compartments. All the weld- 
ing was done according to data given you. All distortion 
of any consequence was eliminated and the quarters fit 
together perfectly, it not being necessary to leave any 
metal for trim purposes. All bulkhead, bottom and deck 
plates were so free from distortion that no shrinking was 
necessary. 

A tight wire stretched along one side revealed an aver- 
age of only '/,,in. distortion between stiffeners which were 
two feet apart and welded continuously. In many ships 
I have measured as much as 2'/, in. distortion in the 
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same distance between stiffeners and over the entire plate 
in the assembly. 

In one shop during the war they were months behind 
schedule until the distortion trouble in their weldments 
was whipped by directional welding. . 

Main deck bedplates were very difficult to hold to 
alignment in welding and machining, hydraulic steerer 
bases were a big headache, airplane hoist beds were 
warped, and cargo winches seemed impossible until direc- 
tional welding entered the picture. The troubles soon 
vanished and production was ahead of schedule in a short 
time. 

The reason welding has made such advancement is be- 
cause welding and steel are so good they do their job 
when given only half a chance. 

Brittle Failure is so often in the headlights. Try tear- 
ing a piece of good steel by starting the tear at the edge 
and study the result. Note the grain size. 

Welding toward Freedom is also a pet topic. Study 
and see just what freedom really is in welding. 

Study also weld failures in any and all structures and 
over 75% of them are a direct result of edge effect plus 
tension. 


Please do not get the following quotations mixed wit) 
what I have stated previously. Now is the time an 
place to correct these or any other misleading statement; 
so that welding will progress more rapidly than in th 
past. 


The reason so many shops and yards fail to study thes 
things properly is because they are told, and I quote from 
THE WELDING JOURNAL, “‘The general direction of weld 
ing for most of the layers should preferably be from th 
middle toward both edges of the plate simultaneously ; 
possible.” 


“It is well agreed that the welding should never |y 
carried from both edges toward the center.”’ 


“It is alsopreferable touse twooperators working simul- 
taneously from opposite sides of the beam on the sanx 
bead, one starting shortly after the other and welding 
from a point near the center of the flanges toward th 
edges.” 


“The tension flange has been welded first so that the 
greatest tensile shrinkage stress which occurs in the last 
weld will be in the compression flange.”’ 


‘Furthermore, it has been the object here to outlin 
principles to be followed in setting up a foolproof proce- 
dure that will preclude all possibility of poor workman- 
ship.” 

I ask you to study these quotations. 

Remember, no joint can be made as strong as a welded 
joint and few can be made as fast. Jf itis welded it stays 
put. 

Before closing, I wish to express my gratitude to the 
University of Washington and especially to Professor 
Gilbert S. Schaller. Also to Mr. J. R. Stitt and Mr. A.G 
Bissell. It was Mr. Bissell who started me out on the 
problems of Expansion, Contraction and Distortion in 
Weldments back in the very early 1920’s by outlining 4 
research program. 


The scientific phenomena involved in the flow 
and fracture of metals has engaged the attention 
of some of the ablest scientists in the world in 
recent years. The problem is particularly im- 
portant in welded structures where the mono- 
lithic character of a welded assembly brings 
into play stresses of a three-dimensional char- 
acter. Stress concentrations, temperature, 
quality of steel, rates of loading, degree of con- 
straint, are only a few of the many complex 
variables involved in the thorough understand- 
ing of the subject. In order to make available 
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AMERICAN WELDING SOCIETY 


33 West 39th Street, New York, 18, N. Y. 


to engineers and research workers the best 
existing information, two comprehensive re- 
views were prepared on the subject. One of 
them was made by Major Hollomon under the 
supervision of the Welding Research Council 
and the other by Dr. Gensamer and his asso- 
ciates for the U.S. Navy. The first of these is 
already available in book form at $1.00 per 
copy. The second will be available within two 
months, also in book form at $1.00 per copy. 
Orders may be placed for either or both of these 
books at once. Address orders to: 
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The Theory of Oxyare Cutting 


By Hallock C. Campbellt 


Abstract 


Oxyare cutting is a method of cutting, piercing and gouging any 
metal or alloy, using an electric arc and a stream of oxygen both 
conducted to the point of operation through a flux-coated tubular 
electrode or rod. The dimensions and composition of the steel 
core determine the width, depth, speed and quality of cut. The 
oating stabilizes the arc, seals the oxygen jet to the work, insu- 
lates the core from the work and fluxes the oxides from the cut. 

The mechanism of cutting mild steel follows simple rules based 
on theoretical temperature distribution curves already published 
for idealized are welding conditions. The rate of burn-off of the 
rod is proportional to the electric current and the cross-sectional 
rea of the core, as predicted by theory. The rate of cutting is 
proportional to the rate at which the kindling temperature is es- 
tablished on the surface of the plate. The oxygen requirements 
ire governed by the effective tip size of the tube and the speed and 
lepth of cutting. The predictions of the theory have been help- 
ful in establishing the optimum conditions for cutting various 
thicknesses of mild steel. 

The mechanism of cutting oxidation-resistant metals is more 
omplex, involving melting, diluting, fluxing and mechanical ejec- 
tion. A more detailed study of this mechanism is needed before 
the optimum conditions for commercial cutting can be predicted. 


Introduction 


XYARC cutting is a recent arrival in the field of 
metal fabrication. It is not recent in concept, 
for cutting was accomplished with hollow carbon 

electrodes over 20 yr. ago,' but it has seemed to be new 
ince its past history is poorly documented and is mostly 
concerned with underwater cutting. 

In the field of underwater cutting, remarkable work 
was accomplished by the U. S. Navy and its laboratories 
ind shipyards during the recent war, using metallic or 
ceramic tubular electrodes covered with insulating, arc- 
stabilizing and waterproofing coatings.? In_the field of 
Surlace” or open-air cutting simultaneous independent 
‘evelopment of this process was carried on secretly in 
Selgium during the German occupation, resulting in the 
irst public use in Europe in January 1945. Numerous 
ticles have appeared in this country following the dem- 
istration of the process at the National Metals Congress 
in November 1946.4~® Economical industrial methods 
irst had to be devised to produce heavy wall tubing in 
mall diameters and coating formulation had to be a- 
lopted to the new application. 

The success of the Oxyarc method in cutting all kinds 
. metals, whether nonferrous or ferrous, oxidizable or 
stainless, high melting or low melting, is directly at- 
Tiduted to the characteristic structure of the cutting or 
“action zone at the tip of the rod, namely, a concen- 
‘rated source of intense heat directly surrounding a jet 
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of oxygen. It is the purpose of this paper to describe the 
method systematically and critically, in order to deduce 
the underlying mechanism and to develop a theory of 
operation based on physical and chemical principles. 
This has been accomplished both qualitatively and to 
some extent quantitatively. The quantitative theory is 
imperfect in some respects, but future research should 
be able to correct and improve it. The theory has 
proved useful even in its present form in smoothing ex- 
perimental data, in predicting the operating conditions 
needed for cuts of similar quality in untested thicknesses 
of plate and in interpreting the phenomena observed 
when cutting various nonferrous metals and from them 
predicting the conditions required for better cuts. 


Terminology 


The development of arc-oxygen* cutting has neces- 
sarily borrowed certain terminologies from the are- 
welding process and the oxyacetylene cutting process. 
Most of the terms are familiar to workers in both fields. 
In order to itemize the major terms in preparation for 
latter discussion, the following survey of the process and 
its equipment is given. 

The Oxyare process, as its name implies, uses oxygen, 
which is taken from any conventional source, and an 
electric arc, which is supplied by a welding generator or 
transformer. A holder of special design is required in 
order to connect the oxygen and the electric current to 
the rod at one and the same time. In Europe, where 
welders prefer to use a hand shield, the holder is of simple 
design and the necessary oxygen valve is placed in the 
handle of the shield for the operator to trigger with his 
left hand. In this country the oxygen valve is made part 
of the holder. Commercially successful holders now in 
use are the U. S. Navy holder for underwater cutting, 
several modifications of it designed for open-air cutting, 
and a spring-loaded holder developed by the author's 
company. Since this external equipment is not a part of 
the theory of Oxyarc cutting it will not be further dis 
cussed in this paper. 

The process centers around the tube or rod which con- 
ducts the oxygen and the electric current to the point of 
operation. The rod is consumed by the are during the 
cutting process as though it were an arc-welding elec- 
trode, and is often termed an electrode; it is preferably 
called a tube or rod since it does not deposit weld metal 
when used as a cutting tool. The rod consists of a tubular 
metallic core covered with a mineral type coating. oe 

The core may be of seamless tubing, but is more usually 
formed from strip into an open-seamed tubing. It pos- 
sesses physical attributes such as dimensions (inside and 
outside diameters, and length), density, a specific heat, 
electrical and thermal conductivity, and melting point. 


t Here frequently referred to by the Arcos trade mark Oxyarc. 
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It possesses chemical attributes related to its chemical 
composition, such as a kindling temperature if it is a com- 
bustible metal. 

The exterior coating of the rod consists of binders, arc 
stabilizing ingredients and fluxing and slag-forming in- 
gredients. The coating possesses physical attributes 
such as a certain thickness (usually reported in terms of 
the outside diameter), a capacity to insulate the core 
electrically from the work piece, a temperature range of 
plasticity, a melting point, a certain fluidity when molten 
and a degree of ionization within the electric arc. It 
possesses chemical attributes dependent on its chemical 
composition, and may produce a slag which is acidic or 
basic with ability to flux or react with various metallic 
oxides. 


Method of Operation 


The Oxyare method of cutting, piercing and gouging 
uses less welding technique than any other arc or gas cut- 
ting method. It is not necessary to hold an arc in the 
sense that a welder maintains an arc, for the rod is oper- 
ated by touch-welding methods, keeping the coating in 
contact with the plate metal at all times. As will be de- 
scribed in a later paragraph, the coating burns off at a 
slower rate than the rod, and thereby insulates the core 
from the work and automatically maintains the proper 
length of arc. 

The operation of piercing will be described prior to the 
operation of cutting, since piercing so often precedes cut- 
ting in practical operations, particularly when cutting 
holes and openings in the interior of large plates. The 
start of both cutting and piercing is the same: the tip of 
the rod is tapped on the work at the desired location as 
though striking an arc for welding and the arc is ‘“‘held” 
for a moment while the oxygen valve is being opened. 
In piercing, the rod is then pushed into and through the 
plate as fast as the hole is formed, for the piercing action 
begins immediately. There is a 


the guide and the plate at the same time. Circular 
openings in partially fabricated tanks have been cut by 
using the inside circumference of a suitably sized pipe as 
the guiding template. 

Gouging is performed by inclining the rod, after strik. 
ing the are and releasing the oxygen stream, until it is al. 
most parallel to the plate surface and pointed away from 
the operator and along the line of the prospective gouge 
The arc and oxygen bite into the plate and pile up a poo! 
of slag and oxides beyond the tip of the rod. The rod js 
pushed rapidly along over the surface of the plate, in pur. 
suit as it were of the receding pool of oxidized metal. 

The speed of cut which can be achieved by an experi. 
enced operator varies with the thickness and composition 
of the plate, with the oxygen pressure and current and 
voltage, and with the dimensions of the cutting rod. 4 
few figures are given in Table 1 for purpose of reference 
in the mathematical section of this paper. Some of the 
data for stainless and nonferrous alloys have already been 
published. The data for mild steel are a partial presen. 
tation of a consistent study conducted by one welder, 
using a recording volt meter and ammeter to obtain th 
time and current records. They are supplemented by 
data taken from the Belgian publication. For refer. 
ence later the approximate relation between the voltag: 
and amperage in Oxyarc cutting is shown in Fig. |. 
Data from Table 1 and from additional sources are in- 
cluded. It will be noted that the total oxygen pressure 
has little effect on the are voltage. The normal relation 
in arc welding is schematically shown along the lower 
edge of the graph. 


Functions of the Core 


The core conducts the electric current and the oxygen 
to the point of cutting. The various functions performed 
by the core will be discussed individually. 

The burn-off rate, that is, the rate of consumption oi 
the rod, is one of the controlling factors in the economies 


momentary shower of sparks and 
slag which is projected upward from 
the plate as the piercing begins, but 
this subsides as soon as the tip of 
the rod begins to penetrate into the 
plate. 

In cutting, the tip of the rod is 
scratched or tapped on the plate to 
strike an arc without freezing fast 


to the plate, and the oxygen is re- 
leased. The rod ‘is then dragged 
along the surface of the plate at the 
speed of forward travel dictated by 
the progress of the cut. No arc 
length is consciously held, but rather 
the tip of the rod is held against the 
plate and the operator slides or feels 
his way along, riding on the insulat- 
ing crucible of coating at the tip of 
the rod. The inclination of the rod 
and the speed of motion are ad- 
justed to give the most efficient 
and highest quality cut. —Template- 
guided cutting is very common. 
The insulating coating permits the 
operator to press the rod against the 
template without fear of arcing 
against it. For straight line cuts 
any straight edge (metallic or not) 


OXYARC 


may be clamped along the line of 
operation. The cut is accom- 
plished by holding the rod against 
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Fig. 1—Typical Voltage-Amperage Relationship in Oxyarc Cutting 
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) of cutting, since the lowest burn-off rate consistent with 
) the highest cutting speeds will give the most efficient cut- 
ting. The rate of consumption depends upon several 
variables, notably the dimensions and composition of the 
core, the current (but apparently not the voltage) and 


the oxygen flow rate. The dimensions and composition 
of the core determine the heat capacity, electrical resis- 
tivity, thermal conductivity and melting temperature 
of the rod; the melting rate is mathematically related to 
these factors and to the intensity of the current supply- 
ing the arc. 

The effect of the oxygen flowing through the center of 
the rod is to cool the rod everywhere except at the tip, 
where oxidation occurs. The cooling effect is great 


enough to prevent overheating of the stub even at high 


currents; however, its effect on the burn-off rate is be- 
lieved small. The effect of the heat generated by the 
combustion of the core is also believed unimportant, for 
the products of combustion are driven away from the rod 
by the oxygen stream, so that the heat liberated by this 
reaction is transferred to the edges and sides of the cut 
rather than to the end of the rod. The exact effect of 
oxygen on the burn-off rate is not easily demonstrated, 
because there is a characteristic lengthening of the arc 
which results when the gas stream is flowing. This 
changes the voltage and amperage conditions and pre- 
vents a direct comparison between burn-off rates with and 
without oxygen. Exploratory tests have shown that the 
oxygen effect is at least smaller than the other experi- 
mental variables. 


Table | 
Rod Cutting Burn-off 
Rod ———Current Oxygen, Time, Length Burn-off, Speed, Rate 
0.D. x ILD. Amp. ys Kw.* Psi. Sec. Cut, In. In. In./Min. Cu. In./Min 
1/,-In, Mild Steel 
i X 0.063 in. 145 is 4.7 70 18 12 5 40.0 0.41 
'/1¢ x 0.063 in, 155 ee §.1 70 16 12 4.5 45.0 0.42 
+/,x 0.063 in. 276 “ie 11.2 125 9 12 5 80.0 0.82 
1/4, x 0.063 in. 280 és 11.4 75 10 12 4.8 72.0 0.71 
*/1¢x 0.063 in. 280 as 11.4 75 10 12 5 72.0 0.74 
3/,-In. Mild Steel 
*/¢ x 0.063 in. 120 30 3.6 95 30 12 7.3 24.0 0.36 
6 X 0.078 in. 140 32 4.5 125 28 12 8.3 25.8 0.41 
‘/1¢ x 0.078 in. 164 33 5.4 125 23 12 8.5 31.4 0.51 
*/\¢x 0.063 in. 208 38 7.9 120 20 12 8 36.0 0.59 
*/\s x 0.063 in. 216 hy 8.0 95 20 12 8.8 36.0 0.65 
«x 0.063 in. 330 42 13.8 120 15 12 9.5 48 .( 0.93 
16 X 0.063 in. 346 34 15.2 120 15 12 9 48 0.89 
1-In. Mild Steel 
. x 0.063 in. 180 i 6.3 90 30.6 12 9.3 23.5 0.45 
*/¢ x 0.078 in. 180 7. 6.3 90 28.2 12 8.8 25.5 0.43 
X 0.078 in. 275 90 19.2 10.5 9.5 33.0 0.69 
1'/,-In. Mild Steel 
«x 0.078 in. 120+ 3.6 75 50.5 11.3 13.4 
5x 2mm, 140 4.5 85 15.1 
(x2 mm. 164 5.6 80 65 13.8 11 12.7 0.55 
7x 2mm. 175 6.1 80 15.1 
7x3 mm. 178 6.2 80 43 13.8 8 19.2 0.55 
7x3 mm. 208 7.6 80 44 13.8 9 18.8 0.60 
7x 2.5mm, 210 7.7 80 51 13.8 16.2 0.55 
(x2mm., 210 Zag 80 60 13.8 10 13.8 0.56 
«x 0.078 in. 320 13.6 125 17 6 12 21.0 0.98 
+x 0.078 in. 320 13.6 125 15 6 11.3 24.0 1.04 
P 2-In. Mild Steel 
‘x 2.0 mm. 200 7.2 85 11.8 
‘x2.5mm, 200 7.2 80 as 17.7 0.68 
4 23/s-In. Mild Steel 
‘x2.5 mm. 220 ve 8.3 90 a 14.4 0.66 
3-In. Mild Steel 
(x3 mm, 240 ai 9.3 110 11.8 
(x 2.5 mm, 260 10.3 115 11.1 0.67 
7x 3mm, 272 ¥ 11.0 100 53 10 14 113 0. 82 
‘x3 mm. 276 11.2 100 82 13.8 2: 10.0 0.85 
i 4-In. Mild Steel 
‘x3 mm, 280 11.4 120 9.1 
Stainless Steel and Nonferrous Metals 
3/16 x 0.063-Oxyare Rods 
Type 347 290+ 80 9.8 1.01 
rin. Inconel 165 34 rd 10 138 12 40 5.5 0.43 
t ig Monel 130 31 “) 5 126 12 31 5.5 0.37 
in. Monel 250 ha 40 147 6.6 3.7 
rit. Nickel 160 33 4 116 12 6.3 
ei. Copper 275 A - 20 15 4 8 16.0 0.79 
ri. Bronze 350t 40 10.5 0.94 


* When volta 
Alternating current. 


ge is not given, arc energy has been computed from Fig. 1. 
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Of lesser effect in determining the burn-off rate are the 
thermal insulation provided by the coating, and the en- 
ergy absorbed from the are during the fusion and vapor- 
‘ization of the coating. Since it has been estimated that 
all radiation, fusion and vaporization losses amount 
roughly to only 15% of the energy of the arc,’ rather 
large variations in these quantities will result in but small 
variations in the burn-off rate. 

The inside and outside diameters of the core control 
the speed and quality of cutting or piercing. The out- 
side diameter has a direct effect on the speed of cutting, 
seemingly through its influence on the shape and size of 
the arc and through that on the size of the preheated 
area of the plate. The metal being cut must be heated 
to within the kindling or melting range. Large elec- 
trodes are apparently less efficient in this respect than 
small ones, which are able to act more nearly as ‘“‘point”’ 
sources of heat. The inside diameter controls the size 
and velocity of the oxygen stream, the velocity varying of 
course with the pressure. The effect of oxygen on the 
quality of cut is a complicated function of both the linear 
velocity of the oxygen stream or jet and of the total volu- 
metric rate of flow of the oxygen. However, the velocity 
seems to be less important than the total volume of oxy- 
gen. As long as sufficient velocity is imparted te the jet 
to carry the oxidized and molten core metal down through 
the full depth of plate being cut, the speed, efficiency and 
quality of cutting seem more affected by the volume of 
oxygen. There is not much experimental evidence avail- 
able to support this view, except for the following illus- 
tration from a field demonstration. In cutting !/;-in. 
Type 347 stainless steel with two types of Oxyarc rods, 
both of which had the same outside diameters but which 
differed in inside diameter, it was observed that equal 
quality of cutting was obtained at approximately 5 psi. of 
oxygen when using a 0.063-in. bore and at approximately 
3 psi. of oxygen when using a 0.078-in. bore. The volu- 


metric rate of oxygen flow is about the same in both cases. 
In cutting mild steel, the optimum inside diameter of 


the rod is related to the thickness of the plate. The gen- 
eral principle is the one followed in oxyacetylene cutting, 
where larger orifices are used for the thicker plates. Be- 
cause of frictional losses in the holder and because of the 
length of the oxygen path through the rod, the effective 
inside diameter of an Oxyarc rod is much smaller than its 
apparent diameter. 

In the piercing operation either the inside diameter of 
the core or the outside diameter of the coating may be in- 
volved. In piercing thin plates the diameter of the hole 
in the plate is approximately the same as the inside diam- 
eter of the rod. In piercing thicker plates, where the 
rod itself is pushed into and through the plate, the diam- 
eter of the hole is somewhat larger than the outside diam- 
eter of the coating. 

The chemical composition of the core controls several 
factors affecting the burn-off rate, and also influences the 
quality and speed of cutting. The effect of chemical 
composition on the burn-off rate is of minor importance 
compared to its effect on the quality of cut. Consider a 
stainless steel core, for example, which will have a slower 
burn-off rate than a mild steel core. The mild steel core 
adds to the arc energy the heat liberated by its own com- 
bustion plus a fluxing and diluting action that easily per- 
mits cutting nonoxidizable materials, while the stainless 
steel core will be able to cut the same metals only with 
difficulty. The difference lies in the composition of the 
arc-and-oxygen “‘flame’’ projecting from the tip of the rod. 
If the core material is stainless steel or a nonferrous alloy, 
the arc stream consists largely of molten metal and carries 
only the energy content of the arc. If the core is mild 
steel, then the arc stream is believed to be largely iron 
oxide, and the combustion of the iron to iron oxide has 


liberated an additional quantity of heat amounting jy 
most instances to more energy than was generated by the 
arc itself. This heat is probably not generated instantly 
the way the arc is, and thus is able to transfer heat to the 
plate at a considerable distance from the tip of the rod, 
This function of the iron (as such) in the standard Oxyare 
core is equivalent to the function of the iron powder which 
is injected into the oxyacetylene flame in the powder. 
injection method of cutting stainless steel and nonfer- 
rous metals. The iron oxide and molten iron and the ad 
ditional heat of combustion which result from the melt- 
ing and combustion of the core serve to dilute, flux and 
liquefy the oxides, scale and molten metal formed from 
the plate material, so that they will all be rapidly blown 
out of the cut by the oxygen stream. Excess oxygen is 
provided to insure complete combustion of the core meta! 
so as the preclude the possibility of contamination of the 
plate metal by the rod. 


Functions of the Coating 


The coating performs a multitude of functions which 
will be discussed individually. 

The coating seals the seam in the core, if open-seamed 
tubing is used. Any openings in the seam which did not 
become closed. during the forming operation are effec- 
tively sealed by the surrounding coating. 

The coating stabilizes the electric arc. This is an 
important function, permitting the rod to be operated 
with ease on either alternating or direct current and adapt 
ing it to use by unskilled technicians. The value of the 
coating in stabilizing the arc is clearly shown by experi 
ments with bare tubes. Using uncoated tubes, a skillful 
operator can perform a certain degree of cutting, but 
only by working at higher currents than normal or by 
using a superimposed high-frequency arc. The chara 
teristic complaint in such tests is that the arc is quite dif 
ficult to maintain even before the oxygen stream is 
started; the process of turning on the oxygen then al 
most invariably blows out the arc. The coating als 
concentrates the arc onto the plate, by reason of th 
crucible formed by the coating at the tip of the rod 
This leads to efficient heat transfer and a narrow keri 
In experiments performed with uncoated tubes the ar 
was undesirably large and brushlike, melting a wider 
area of plate material than normal. 

The coating seals the oxygen jet to the work, thereb) 
increasing the speed and efficiency of cutting. Thus 
also is a result of the formation of a crucible about tl 
arc. Because of the insulating nature of the coating th 
rod may then be dragged along the surface of the metal to 
be cut, with the coating in contact with the work at sev 
eral points. This in general prevents the oxygen from 
escaping other than through the kerf of the cut. In th 
absence of a crucible the stream of oxygen fans oul s 
that not all of the oxygen goes through the cut. This 
results in a poor quality cut with tapering kerf, and 1s a 
complished only at the expense of a considerable increase 
in oxygen consumption and a marked decrease in speed 

The coating simplifies the operation of the rod in WW 
other ways. The crucible at the tip maintains 9rep™ 
are length automatically, by permitting a contact method 
of operating. This greatly reduces the training Um 
necessary in learning to use the rod. In addition, the 
coating creates a smooth ‘“‘heel’”’ or cushion on which U 
operator slides the rod. This function contributes " 
tably to the ease of operation of the rod. 

The coating aids in fluxing oxides and molten me 
from the cut. This function is of considerable 1p" 
tance in the cutting of metals which form refractor 
oxides. It is equivalent to the function of the flux was 
is injected into the oxyacetylene flame in the flux-™)" 
tion method of cutting stainless steel. 
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The coating also serves to insulate the core from ac- 
cidental short circuit to the work. This permits a num- 
© ber of related operations which are of considerable prac- 


The insulation permits the use of 
metallic straight edges or templates to guide the cut. It 
permits cutting large pipes from one side only, by cutting 
half around the pipe and then reaching through the slot 
to cut the opposite side. It permits cutting and piercing 
operations in confined spaces where other obstructions 
might short circuit the rod. Finally, it permits efficient 
piercing by insulating the core from the edges of the hole. 
In thick plates where several rods are required to com- 
plete the piercing, it permits re-establishing the arc at 
the bottom of the hole (rather than along the sides) when 
the used rod is replaced by a new one. 

The outside diameter and the chemical composition of 


| the coating influence all of the coating functions described 


above. The outside diameter influences the other func- 
tions through its control over the total volume of coating 
ingredients present around the core. The chemical 
composition modifies the other functions directly, through 
its control of the physical and chemical properties of the 
coating. Successful coating formulations are similar to 
those used on are-welding electrodes. The arc stabiliz- 
ing, slagging and fluxing components of the coating are 
selected and formulated to give all-position A.-C.-D.-C. 
operating characteristics and at the same time (through 
control of the melting point) to create the desired crucible 
at the tip of the rod. 


The Theory of Operation 


The mechanism by which metals are severed in Oxyare 
cutting is a combination of melting and oxidizing. In 
mild steel the phenomenon is the same as in oxyacetylene 
cutting. As is well known oxygen alone will cut mild 
steel when the temperature of the metal reaches its 
kindling point, usually estimated to be 1600° F.'* The 
oxidation or combustion reaction is self sustaining within 
the body of the object, liberating sufficient heat to main- 
tain or exceed the kindling temperature on all sides of the 
cut. At the upper surface, however, the time lag in the 
reaction (which tends to liberate the heat of reaction be- 
low the point of oxidation), the radiation losses into the 
air and the cooling effect of the oxygen stream all com- 
bine to lower the temperature below the kindling point, 
and the cut will be lost unless the surface is continuously 
preheated. In the Oxyarce process the necessary preheat 
is provided by the electric arc at the very point of impinge- 
ment of the oxygen on the surface of the steel. 

For oxidation-resistant metals the cutting mechanism 

seems to be more of a melting action, of various degrees 
ol complexity depending on the nature of the metal. 
The mechanism of cutting either of these classes of 
etals requires the achieving of a certain minimum tem- 
perature within the zone of operation. In mild steel the 
zone to be preheated is a small area on the surface of the 
inetal; in oxidation-resistant alloys the zone of operation 
is the whole leading edge of the cut. Both cases funda- 
mentally are problems in heat transfer. It is therefore 
believed that both problems should be amenable to treat- 
nent trom a purely theoretical viewpoint. This has been 
attempted in the following sections of this paper, with 
Yatying success depending on the degree of complication 
ol the problems studied. 


m 


The Rate of Burn-off of the Rod 


In are welding, the rate at which an electrode burns off 
“e been shown by Rosenthal ': '? to be directly propor- 
onal to the welding current. This is in agreement with 
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the theory of moving heat sources which Rosenthal has 
used to study the temperature distribution within an 
electrode. The theory describes the burn-off process in a 
semi-infinite solid electrode, and the “‘settled conditions” 
which become established during an infinitely long weld- 
ing run, The temperature distribution about such an 
arc is stationary when referred to a system of coordinates 
moving with the arc. It will be shown that the same 
theory may be applied quite successfully to the burning- 
off of an Oxyare rod. 

The cross-sectional area of the Oxyare rod is small 
relative to its length, permitting it to be considered a 
one-dimensional rod. During cutting exactly as in weld- 
ing, a quasi-stationary temperature gradient becomes 
established within the rod as a result of the conduction of 
heat from the hot are to the cooler portions of the rod. 
Since this gradient is very steep, the equations developed 
for an infinite rod are found to be fairly accurate when 
applied to a finite rod. The conditions in cutting differ 
from the conditions in welding largely with respect to 
the ‘melting point’ of the rod. The Oxyare rod needs 
only to reach its kindling temperature of 1600° F. instead 
of its melting point. It therefore has a faster burn-off 
rate. 

It has been shown by Rosenthal ' that the rate of 
fusion V of a solid rod is given by the expression 


fi 

(T; Cp = fot 

in which the symbols have the meanings and units listed 

in Table 2. The approximate values of these and other 

symbols used in the succeeding calculations are also given. 

The values listed for C and p are valid only at room tem- 

perature whereas average values over the temperature 

range in question are required. For relative tests com- 
paring different rods the error will be small. 

The illustrative data available to the author cover 
only stainless electrodes and Oxyare rods. All of the 
tests were made under identical experimental conditions. 
The burn-off coefficient fo for commercial Type 308 
electrodes was approximately 1.7 X 10~* cu. in. per 
ampere per minute, as shown in Fig. 2. This value is 
10% higher than the maximum listed by Rosenthal as 
being common for mild steel electrodes; the discrepancy 
is probably due to the nature of the coatings used on 
the two types of electrodes. The average burn-off 
coefficient for Oxyare rods under a great variety of oxy- 
gen pressures and operating currents was 3.0 K 107% 
cu. in. per ampere per minute, as shown in the same Fig. 
2. The observed rate was thus 1.77 times faster for the 
Oxyare rods. Using the values of 7, Zo, C and p 
listed in Table 2, with 7, for welding taken as the melting 
temperature and 7; for cutting as the kindling tempera- 
ture, it is found that Equation 1 would predict a burn-off 
rate 1.84 times faster for Oxyare rods than for Type 308 
electrodes. This would seem to be a fairly encouraging 
agreement at the present stage of development of the 
theory. 

The proportionality between the burn-off rate and the 
current intensity is clearly demonstrated in Fig. 2. In- 
cluded in that graph are data obtained in Europe* with 
rods of two different outside diameters and four different 
bore diameters, and data from this country with two 
bore diameters. Not shown in this figure are a consider- 
able number of data points obtained by the U. S. Navy 
in underwater tests of a °/,-in. underwater cutting rod; 
the scatter of these points is rather bad because of inac- 
curacies in timing the diver, but their statistical average 
agrees very well with the line drawn in Fig. 2 for open-air 
cutting. Attempts to plot the burn-off rate against the 
arc energy in watts show a pronounced curvature; the 
burn-off rate thus seems to be unaffected by the voltage. 
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The effect of piercing and gouging on the rate of burn- 
off should be mentioned in passing. The few figures 
available indicate a much higher burn-off rate in piercing 
than in normal cutting, roughly double the rate for cut- 
ting. This would seemingly be explained by the greater 
build-up of heat about the tip of the rod as it is pushed 
into the molten puddle of metal and slag, resulting in a 
greater amount of heat being transferred from the arc to 
the rod. 

Several important rules or relationships can immedi- 
ately be deduced from this theoretical picture of the 
burn-off rate. First, there is the obvious fact that the 
rate of consumption of the rod does depend on the oper- 
ating current. This is not generally appreciated, as is 
evidenced by the oft-quoted rule of thumb that the burn- 
off rate is ‘‘a rod a minute.”’ Ronay and Jensen quote 
the same rule for underwater cutting, namely, that 
service life... averagesone minute’’.? For the 
underwater rod this rule is correct at 275 amp., which 
happens to be the middle of the recommended underwater 
operating range. For the */;-in. rods used for open-air 
cutting the rule is correct at 135 amp., which is about 
the lowest current used in practice. At 270 amp., which 
is near the top of the recommended range, the burn-off 
rate is two rods per minute. 

This rather obvious point is worth stressing, since it is 
one of the controlling factors in determining the opti- 
mum cutting conditions. It will be shown later that 
the speed of cutting also increases with increasing current 
(or more accurately with increasing wattage), but it does 
so somewhat less rapidly than the burn-off rate does. 
Since higher cutting speeds will save both time and labor, 
the use of higher and higher currents would seem to be 
desirable. The upper limit is determined by the skill of 
the operator in handling the are at high currents. Un- 
less his speed of cutting approaches the maximum per- 
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Fig. 2—Burn-off Rate for Oxyarc Rods 


mitted by the current setting, the inexorable consump- 
tion of the rod by the arc may more than offset the ex- 
pected savings in cost. The highest currents may de- 
mand greater cutting skill than the operator can sum- 
mon, and may in fact only prove efficient for the most 
experienced operators. Lower currents which are more 
suited to the ability of the operator will usually save more 
in terms of rod consumption per inch of cut than will be 
lost in man-hours added because of the slower speed. 
A second relationship involving Equation | has been 
discussed by Rosenthal in his article on welding.” 
This problem concerns the estimation of the fraction o! 
the total heat of the are which is available to heat the 
plate. This quantity will be needed later in developimg 
the formulas for the speed of cutting. It is obtained by 
subtracting from the total heat of the are the heat ab 
sorbed by the rod and the coating, and the heat lost by 
radiation. a 
The heat absorbed by the rod is shown by Rosenthal” 
to be proportional to the product of the burn-off rate ! 
and the temperature difference T; — 7». Since by 
Equation 1 the burn-off rate is inversely proportional ° 
the temperature difference T; — To, the heat absorbed 
by the rod is independent of that temperature. This 
relationship is easily rationalized. Consider a milc ste! 
Oxyare rod being operated first without oxygen a"¢ ies 
with it. During the welding operation the rod must 
heated to the melting point (2768° F.), which abs _— 
large total quantity of heat and results in slow pees 
During the cutting operation the rod is not me!ted DU 


. . corp 

burned (at 1600° F.), which requires less energ) ab a 

Op 

tion per unit of length but consumes the rod pro) pearl 
sate 


ately faster. These two effects exactly compe''sat 

each other, so that the energy absorption per U" 

time remains constant. 
For solid mild steel electrodes Rosenthal shiv ws 
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the fraction of the arc energy which is absorbed by the 
core is “less than 20%.’’ The same figure, namely 20%, 
will be used for Oxyare rods. The quantity of heat ab- 
sorbed by the coating, lost by radiation or otherwise not 
transmitted to the plate, will be assumed to be 15%, 
again following Rosenthal. The fraction of the are en- 
ergy which is transferred to the plate is therefore as- 
sumed to be about 65%. At a power factor of 1, an arc 
drawing J amp. at E v. (1 w. = 0.057 Btu. per minute) 
will deliver Qare Btu.’s of heat per minute to the surface 
of the plate, to be computed as follows: 


Qare = 0.65 X 0.057EI = 0.037EI (2) 


An are drawing 185 amp. at 35 v. will have an effective 
heating capacity of 238 Btu. per minute (1000 calories 
per second). 

A related quantity which may be calculated from the 
coefficient fo is the energy released by the combustion of 
the core. If the rod consists of pure iron or mild steel, 
its heat of oxidation will be approximately 2900 Btu. 
per pound,'* or 830 Btu. per cubic inch. According to 
Fig. 2 the burn-off coefficient will be 3 X 10-* cu. in. 
per ampere per minute. The total heat of combustion 
may then be computed as follows: 


Ova = 3X 10-* X I XK 830 = 2.5/7 Btu./min. (3) 


At 185 amp. the energy available from the combustion 
of the rod will be 465 Btu. per minute (1920 cal. per 
second ). 

Combining Equations 2 and 3, it will be observed that 
the energy available from the combustion of the rod is 
roughly twice that available from the arc, since the arc 
voltage will range between 28 and 44 v. (Fig. 1). 
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The speed of cutting in its simplest analysis depends 
on the rate at which the reaction temperature is es- 
tablished at the surface of the plate and within the 
plate. The reaction temperature itself depends on the 
mechanism of the cutting process. For carbon steel the 
process is an exothermic oxidation, which is self per- 
petuating once the kindling temperature is reached, 
although the time lag of the reaction tends to propagate 
the heat downward into the cut much better than up- 
ward. For iron this temperature (about 1600° F.) is 
sufiiciently high that heat losses from the surface of the 
plate and the cooling effect of the incoming oxygen stream 
tend to extinguish the arc unless preheat is applied to the 
surlace continually. Accordingly, the rate at which the 
Suriace of the plate can be heated by the are to 1600° F. 
should be the major factor determining the speed of 
cutting mild steel. 

The mathematical theory of heat transfer from the arc 
to the plate during welding and cutting has been de- 
veloped by Rosenthal'®—!* and Rykalin,'* using the con- 
cept of quasi-stationary states. In this method the 
temperature distribution around a uniformly moving arc 
S studied under the quasi-stationary conditions (sta- 
tionary relative to the arc itself , but moving with the 
are across the plate) which become established when 
making an infinitely long weld on plates of infinite ex- 
yo These conditions are established to a sufficient 

= of approximation during the welding and cutting 
a Plates of average size, since the outer edges of most 
plates remain essentially at room temperature during 


= 1.5 to 2.4 (4) 


the progress of the cut. 
. he mathematical solution of the heat flow equations 

Sunplest for a two-dimensional sheet (in practice not 
1947 


over */, in. thick) and for an infinitely thick plate (in 
practice anything over 4 in. thick), which it is assumed 
are being heated by a point source of heat. Since the 
actual arc is of finite area, the solutions obtained by 
Rosenthal and Rykalin for these two cases are valid 
only at a distance from the arc, but there their agree- 
ment with observed conditions is very good. Close to 
the arc the agreement is poor. Unfortunately the re- 
gion of greatest interest in Oxyarc cutting is close to or 
within the arc. The compromise that is proposed is a 
semiempirical formula based on the mathematical solu- 
tion of the theoretical equations. This formula has 
been made to fit the available data for several thicknesses 
of plate and two sizes of rod and a wide range of currents, 
by introducing a factor related to the thickness of the 
plate. Since this solution lacks a sound theoretical 
basis, it is hoped that other investigators will endeavor to 
obtain a rigorous solution of the heat flow equations 
based on heat sources of finite area, which may lead to a 
more fundamental formula for the speed of cutting. 

The size and shape of the 1600° F. isotherm, as pre- 
dicted by the theoretical equation for a two-dimensional 
sheet (see Appendix), is shown in Fig. 3 for various travel 
speeds of a point source of heat delivering 1000 calories 
per second to a '/,-in. plate. The size of a */\¢-in. rod 
has been indicated on the curves for purpose of compari- 
son. Inasmuch as the temperature distribution in the 
plate after the arc has passed has little effect on the 
speed of cutting, it will be recognized that the preheating 
capacity of the arc is represented by the portion of the 
isotherm ahead of or at least abreast of the center of the 
arc. From Fig. 3 then it is seen that the preheating ef- 
fect is becoming vanishingly small between 40 and 80 
in. per minute travel speed. If the equation is valid, 
the upper limit for the cutting rate at that heat input 
must be something less than 80 in. per minute. 

The theoretical size and shape of the 1600° F. iso- 
therm on thick plate (see Appendix) is shown in Fig. 4 
for the same conditions as in Fig. 3. 

It will be seen from Figs. 3 and 4 that for high rates of 
travel of a point source of heat the theoretical equations 
predict that the area of thick plate which can be heated 
to a given temperature will be larger than the area of 
thin plate. The fallacy is that for short distances from 
the are (less than the thickness of the plate) a thin plate 
does not function as a two-dimensional sheet and must 
be considered a three-dimensional plate. The equation 
for thin sheets therefore does not apply at the fastest 
travel rates. 

The paradox discussed above indicates that the simple 
heat transfer equations will not be immediately appli- 


SPEED OF TRAVEL 
MNUTE 


° 5 10 
— 
ONE INCH 


FG3 THIN PLATE FG 4 THICK PLATE 


Figs. 3 and 4—Temperature Distribution Curves. Theoretical 
Size and Shape of 1600° F. Isotherm on Mild Steel Plate During 
Welding Runs with Point Source of Heat Delivering 1000 Cal- 
ories per Second. Circles Show Relative Size of */\,-In. Rod 
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to be e 
——tTypical cuts in 
Mild Type 308 ; affect t 
Steel Electrode | The 
Symbol Definition | 
V Rate of fusion In./Min. | 
v Speed of cutting In./Min. B already 
Proportionality constant Btu. /amp./min. 
fo Burn-off coefficient Cu. in./amp./min, 3°x 
1 Current density Amp./sq. in. yet. Ts 
Kindling temperature 1600 
To Room temperature 68 68 
Cc Specific heat Btu. /lb./° F. 0.107 0.12 
p Density Lb. /cu. in. 0.284 0. 286 
E Voltage Lf 
I Current Amp. er 
F Adjusting factor None 8.7g' 
k Thermal conductivity Btu. /In.?/in./° F./Min. 0.0335 60F 
g Plate thickness In. 
Ko(x) Bessel function of second kind, zero 
order None See Tables 
Proportionality constant In.-! 1.2 
Thermal diffusivity Min. /in.? 0.538 50k 
Radius of rod 
Orifice diameter, oxyacetylene tip 
Measured inside diameter, Oxyare E 
rod 
Effective diameter Oxyare rod In. ~ 40k 
Oxygen flow rate Cu. ft./hr. i 
Oxygen pressure 
cable to the theory of Oxyare cutting. Itis possiblethat section on stainless cutting. The fraction of the total g 30F 
a rigorous solution based on the finite size of the arc will arc energy available to heat the work was then assumed ety 
be able to resolve some of the difficulties, but it seems to be 65%, as derived above (Equation 2). By sub : 
likely that special recognition will also have to be given stituting the experimental data into Equation 5 and che 
to the effect of plate size. The equation for thick plate plotting the results on log-log paper, the most suitabl 2 20} 
naturally does not involve plate thickness, being based values for factors F and b were determined. The result 
on an infinite plate. But if this equation is the only ing semiempirical formula for the rate of cutting v was Cc 
correct one for fast speeds, then all thicknesses of metal the following equation: 
should be cut at the same speed, which is certainly not g°.°F1Ky(0.647grv) = 1000 (6 Ob 
in agreement with experience. a 
In order to obtain a semiempirical formula which The predictions of Equation 6 are shown in Fig. 5, 
would correlate the available Oxyare cutting data, the together with experimental data for mild steel plates 
author has modified the theoretical equation for thin taken from Table 1. The agreement at certain points oL. 
sheets to fit the so-called “‘best’’ data points. The choice is of course a consequence of the method of adjusting : 
of the two-dimensional equation was based on the ap- Equation 6 to fit the data, but the over-all agreement | 
proximate agreement of that equation with the data which it will be noted covers a fourfold range of energ) Fig. S 
covering the effect of varying outside diameters of the an eightfold range of plate sizes, and two different ¢r enti 
core, and the general adaptability of the Bessel function ameters of rod, is encouraging. A single formula whic! 's 
K(x) in fitting the data on the dependence of cutting able to fit so many data is of considerable help in a num ™ 
rate on current. The following procedure was adopted. ber of practical problems. It permits confident miter 
It was assumed that the minimum area of surface polation between widespread points following a consis! 
which must be preheated by the arc is proportional both ent pattern. It points out certain of the data whic! 
to the outside diameter of the rod (and hence to its should be rejected as being obviously in error or at least n 
radius r) and to the thickness of the plate g. To avoid not of a quality comparable to the rest of the data. [0s 5 
the piling up of the isotherms at the front of the arc, would seem to be true of some of the cuts on 1-1". plate: 2 i0F 
which introduces an error when the size of the rod is the speeds reported are slower than the predictions ; rd 
neglected,'! and to gain the resulting simplicity of for- Equation 6, so it is assumed these cuts were mace W") - 08 
mula, it was assumed that this minimum preheat area insufficient practice on that size of plate. 2 3 - 
could be represented in the formula by its width at the Another practical use which has been mace of !q! 8 og 
mid-point of the arc. The general form of the semi- tion 6 is the prediction of operating conditions lor“ 
empirical equation was then set up as follows: tested sizes of plate. Within the limits of Fig. 9 S0" o 05} 
FO interpolations seem quite justified. It is of consideran’ : 
advantage to the operator to know what speed to exp" 04 
at a given current setting, as that establishes 
in which F is an adjusting factor whose form is to be de- picture of the technique to be used, and indicates wer? osm 
termined, and } is a proportionality constant. The a suitable calculation what the oxygen flow rate show” ~ 
meaning of the symbols and the values used by the be. 
author (following Rosenthal) are listed in Table 2. Rat O Cons fi 
The heat input Q was assumed to be contributed solely ¢ of Oxygen Consumption ool. 


pre- 


It has probably been noted that the theory in the “ 
oxidation of the core was assumed to be liberated at a ceding section takes no account of the oxyg:"! goer 
distance from the arc, as will be discussed later in the ments in mild steel cutting. Actually both the m 


by the electric current. The heat resulting from the 
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diameter of the rod and the oxygen pressure are known 
® to be experimental variables, but since the quality of the 
cuts in Fig. 5 was fairly uniform, these variables did not 
affect the results. 
© The choice of inside diameter for the rod need not be 
made by guesswork. Suitable orifice diameters have cutting tip." 


© already been determined for oxyacetylene cutting, and 


may be found in the 
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Fig. 5—Speed of Cutting Mild Steel. Experimental Data Points from Table 1, as 
Identified in Legend. Curves Calculated from Equation 6 for Rod and Plate Thick- 


nesses Shown on Curves 


recommended tip sizes and oxygen pressures are avail- 
able from a number of sources. A convenient set of 
data which will be used for the calculations in this section 


Welding Handbook™ and in the data 


sheets supplied by the Air Reduction Co. for a style 124 


For quality cuts in mild steel, the tip diameters used 


in machine cutting and hand cut- 
ting are shown in Fig. 6, plotted 
against the plate thickness g. This 
diagram is based on the data from 
the Welding Handbook (Table 1, p. 
663, and Fig. 4, p 662). The heavy 
horizontal lines show the range of 
plate sizes covered by the experi- 
mental data so far reported for 
several sizes of Oxyare rods.* The 
Oxyarce lines are plotted at levels 
corresponding to effective orifice 
diameters, which are computed by 
a method described below. 

Within the range of pressures 
recommended for the various oxy- 
actylene tips shown in Fig. 6, the 
oxygen flow rate X in cubic feet 
per hour and the operating pressure 
y in pounds per square inch may be 
related by a simple mathematical 
expression. The data for a style 
124 cutting tip are shown in Fig. 
7. These points were computed by 
subtracting from the reported total 
oxygen consumption the oxygen 
being supplied to support the com- 
bustion of the acetylene preheat 
flames. The oxygen-to-acetylene 
ratio was taken as 1.1 to 1, the prac- 
tical value used in the Welding 
Handbook. 

The data points in Fig. 7 seem to 
belong to a family of curves radiat- 
ing = —1l11 psi. oxygen, 
meaning that for turbulent flow the 
oxygen volume appears to be di- 
rectly proportional to (y + 11) psi. 
The dependence of the flow rate on 
the orifice diameter 6 (in inches) may 


25 
N 
” 30 w RECOMMENDED RANGES FOR 
+ 4 ac OXYACETYLENE CUTTING 7x3 MM 
< \ 3/16"x 063" OXYARC ROOD 
OF 
5x 1.5 MM. 
03 
Ol 02 03 05 OB | 2 3 5 8 
PLATE THICKNESS, INCHES 
Fig. 6—Oxygen Orifices Used in Oxyarc and Oxyacetylene Cutting of Mild Steel 
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Fig. 7—Oxygen Flow Rates for Oxyacetylene Cutting Tips. 
Radiating Lines Calculated — Equation 7 for Various Orifice 
izes 


therefore be determined by plotting values of X/(y + 
11) against orifice diameters. On log-log paper a straight 
line relationship exists, of slope 2.1 and unit intercept 
at 6 = 0.038. This means that the flow rate is equal to 
(6/0.038)?-4. - This is not unreasonable: if the slope 
had been 2.0 the rate would have been exactly propor- 
tional to the area of the orifice. The following expres- 
sion thus is obtained for the oxygen requirement X: 


X = (6/0.038)?-(Y + 11) (7) 


The radiating lines in Fig. 7 are the values predicted by 
this equation. 

Experimental points for the oxygen consumption in 
Oxyarc cutting have been plotted in Fig. 8 on coordinate 
axes equivalent to those used in Fig. 7. These data were 
taken from laboratory experiments performed in this 
country and from commercial figures published abroad.* 
The points clearly belong to the same family of lines as 
the oxyacetylene data of Fig. 7. However, at the same 
pressures, less oxygen flows through an Oxyare rod than 
through an oxyacetylene tip of equal inside diameter. 
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The frictional losses in the tube and in the holder reduce 
the effective diameter of the tube. 

When the observed flow rates and oxygen pressures for 
Oxyarc cutting are substituted into Equation 7, effective 
diameters (6’) are obtained which turn out to be 0.78 
times the measured diameter (d). Substituting the 
measured inside diameter of the Oxyarc rod for the ori- 
fice diameter, Equation 7 becomes 


X = (0.78d/0.038)?-"(y + 11) = (d/0.0487)?-"(Y + 11 


(S 


The effective diameters (5’) are the ordinates which were 
used in Fig. 6 in plotting the range of application oj 
each type of Oxyare rod. The agreement with oxyacet 
ylene practice is very good, whereas the true diameters 
were far out of line. 

A numerical quantity of interest in mild steel cutting 
and of great importance in the cutting of stainless stee! 
and oxidation-resistant alloys may now be calculated. 
This quantity is the volume of oxygen required to con- 
sume the Oxyarc rod itself. It may be computed from 
the burn-off coefficient (Equation 1) and the formula for 
the volume of oxygen flowing through the Oxyare orifice 
(Equation 8). 

The theoretical oxygen requirement for burning | lb. 
of iron is 4.6 cu. ft.'4 This will convert the iron to th. 
magnetic oxide Fe3;0,4, which is the principal product of 
the combustion. It is true that in oxyacetylene cutting 
appreciably less than 4.6 cu. ft. of oxygen is required, 
because as much as 30% or the iron removed from the 
kerf is incompletely oxidized, and because some oxygen 
is supplied by the surrounding atmosphere.'* Thes 
conditions are less likely to apply to the combustion oi 
the Oxyare rod, since any metal eroded from the cor 
by the turbulence of the oxygen stream becomes heated 
above the reaction temperature on passing through th 
arc, and since the crucible at the tip of the coating keeps 
the atmosphere from contributing to the combustion. 

From Fig. 2 thé burn-off rate of Oxyarc rods is see! 
to be 3.0 X 10-* cu. in. per ampere per minute, that 1s, 
0.051 Ib. per ampere per hour. From these values thi 
minimum oxygen consumption for burning the Oxyar 
rod, in cubic feet per hour, is 


X = 4.6 X 0.051U = 0.235. \J 


Combined with Equation 8, this gives the following « 
pression for the minimum oxygen pressure y necessar) 
to insure complete core combustion at the operatim; 
current J and inside core diameter d: 


+ 11 = 10) 


This pressure should be added to the requirements of 


iS 


the plate being cut just as the acetylene combustio" 
allowed for in oxyacetylene cutting. 

The effect of oxygen on the speed of cutting has no! 
been tied into the quantitative theory. Qualitatively ¢ 
is assumed that for the optimum choice of tube «i naar 
and oxygen pressure the limiting factor will not | ye the 
amount of oxygen, but rather the preheating cficct 
the arc as given by Equation 6. At lower oxyge" Pr 
sures or too large or too small tube diameters 1t 8 
sumed that the speed will be determined by the amoun’ 
of oxygen available. In that event the relation Detwer’ 
the effective tube diameter, the volume of oxys' phone 
the “‘drag’’ of the oxygen flow lines along the edge 0! 
cut will be given by standard oxyacetylene 
curves such as those in the Welding Handboo: 
p. 664, and Fig. 8, p. 670) and by the theoret 
tions derived by Rosenthal (reference 10, Equa os 
to 48). The boundary between these two case wire 
calculated from the oxyacetylene curves whenever © 
permissible drag has been decided on. 
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which is easily washed away by the 
oxygen stream, exposing a fresh 
surface of unoxidized metal already 
heated to the kindling temperature. 

Intermediate and more compli- 
cated conditions also exist. Par- 
tial oxidation will aid the reaction 
whenever it leads to an oxide mix- 
ture of lower melting point than the 
parent metal. Usually the partial 
oxidation will contribute some of 
the heat needed to achieve that 
temperature. On the other hand, 
partial oxidation will complicate 
the cutting whenever the oxide film 
is higher melting than the parent 
metal. This is the case with cast 
iron. By the time the surface 
oxides have reached their melting 
point, the temperature of the metal 
in the vicinity of the cut is above 


“ll 8) 10 20 30 40 50 60 70 80 
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Fig. 8—Oxygen Flow Rates in Oxyarc Cutting. Radiating Lines Calculated from 
Equation 7 for Effective Inside Diameters Shown on Lines 


Application to Stainless Steels and Oxidation-Resistant 


Alloys 


The mechanism of cutting alloys in which a self-sus- 


taining oxidation reaction does not take place is obviously 
more complex than the mechanism discussed above for 
mild steel. 
ranging from partially ferrous alloys, in which some oxi- 


Various degrees of difficulty will exist, 


lation is possible, up to fully “‘stainless’’ oxidation- 


resistant metals and alloys, in which oxidation is pre- 


ented by the surface oxide film. 
Further difficulty will be introduced by the melting 


pomts of these alloys, which in general are higher than 


the kindling temperature of mild steel. For stainless 
steel the melting point of the alloy as a whole is over 
250° F., and that of the chromic oxide surface film is 
3000" F.2 The speed of cutting such alloys will be 
‘lower than the speed for mild steel, since the rate at 
which the reaction temperature can be established will 
ve Slower. Nevertheless the Oxyare process is able to 
cut all of these alloys, many of which cannot be touched 
by simple oxyacetylene cutting. This greater opera- 
tional ability of the Oxyare process would therefore seem 
to be the result of some and possibly all of the differences 
cxisting between the Oxyarc ‘‘flame’’ and the simple 
xyacetylene flame. The outstanding factors will be 
uscussed in this section. Some of them have been inde- 
pendently pointed out by the recent improvements in 
kyacetylene cutting known as the flux-injection and the 
ron-powder cutting methods.® 
The thermal cutting of any metal is fundamentally a 
uelting and ejecting problem. Even if the first step is 
i oxidation reaction, the rate-controlling step is the 
melting of the oxide. Therefore, in this section the 
‘mphasis will be placed on the process of melting the 
metal or alloy or oxide along the surfaces of the cut. 
lf the metal is oxidation resistant, then the edges of 
‘he cut must be raised to the normal melting point of the 
metal and the resulting liquid must be blown clear of 
‘te cut. If the metal behaves as mild steel, the metal 
txidizes far below its melting point (at a temperature 
ee as the kindling point) converting the edge of the 
te a mixture of low melting oxides which simul- 
heat re are heated to above their melting point by the 
ol the oxidation reaction. This makes a fluid slag 
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4 n its melting point. When the surface 
90 100 oxides melt and wash away, the 
molten plate metalalso washes away. 
Oxidation is thus discontinuous and 
only a portion of the expected en- 
ergy of combustion becomes availa- 
ble to heat the unmelted portions of 
the plate. If the metal is by nature nearly nonoxidiz- 
ing, then the cutting is even more difficult since all of the 
heat required to melt the surface film must be supplied 
by the cutting stream. In the case of the chromium- 
bearing alloys for example, the formation of chromium 
oxide results in a high melting surface film which is 
able to prevent further oxidation of the alloy beneath 
it. Under low-energy cutting conditions the surface of 
the attempted cut becomes covered by this apparently 
infusible film of chrome oxide and no cutting is ac- 
complished. 

In order to cut the more difficult metals both physical 
and chemical reactions may be encouraged between the 
parent metal and special products introduced deliber- 
ately into the reaction zone, with the intention of lower- 
ing the melting point of the metal or of the surface oxide 
film. This process is called a fluxing reaction when min- 
eral ingredients of a coating or flux are involved, or 
when the iron oxide from the oxidation of an iron rod or 
iron powder is involved. It is called a dilution reaction 
when liquid iron or iron oxide alloys with the plate metal 
or alloy oxides. Fluxing and diluting reactions are both 
used in the Oxyare process by reason of the composite 
structure of the rod. 

The high temperature needed to melt the difficulty 
fusible metals and oxides may be obtained by using slow 
rates of travel, intense sources of heat or improved 
methods of transferring the heat. All of these methods 
are used in Oxyarc cutting, but the last one is considered 
the most important in explaining the cutting of stainless 
alloys. This improved heat transfer method results 
from the liberation of a great amount of energy through- 
out the length of the arc-and-oxygen stream as a result 
of the combustion of the core. In the Oxyare cutting of 
stainless alloys it is apparent that the interior of the 
plate is being heated far more effectively and directly 
than the simple bead-on-plate theory of heat transfer in 
welding would predict. Examination of cuts in all 
kinds of alloys shows that the plate is not melted by 
brute force from the surface alone, but seemingly is 
heated along the entire leading edge of the cut (unless 
the plate is thicker than the maximum depth which can 
be cut in a single pass). The explanation of this be- 
havior lies partly in the action of the oxygen stream in 
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directing the heat of the arc downward into the plate, 
and largely in the kinetics of the oxidation of the core. 
The combustion of iron is not an instantaneous process. 
The time delay in the formation first of FeO and later 
of Fes04 and FesO3 results in a reaction zone which at 
high oxygen velocities extends a considerable distance 
from the arc. 

The total energy present in the arc-and-oxygen stream 
is considerably greater than the arc energy alone, as 
shown earlier in Equation 4. The distribution of this 
energy is schematically shown in Fig. 9, which is a hy- 
pothetical cross section through the kerf and the rod 
during the process of cutting. The are energy is pic- 
tured as the truly concentrated heat source which is 
responsible for heating the surface of the plate. It does 
not seem necessary to the theory of mild steel cutting to 
postulate any preheating effect from the combustion of 
the core. That energy is rather transferred to the plate 
further down in the cut, as indicated diagrammatically 
in Fig. 9. This heats the leading edge of the cut to the 
melting temperature so rapidly that little “drag” is 
evidenced in the flow lines along the edge of the kerf. 
At the same time the fluxing provided by the coating, 
and the diluting action of the oxidized core reduce the 
melting point of the surface oxides so that the mixture 
becomes completely fluid at the temperature provided 
by the arc-oxygen stream. 

The concept above is an important one which merits 
emphasis. A contemporary article on flux-injection 
cutting® is quite in error on this point. In reviewing 
alternate methods of cutting stainless steel, this article 
says that the Oxyare method ‘“‘is not unlike the use of ex- 
treme preheat.” This error is repeated in a later sen- 
tence, which states: ‘“‘no high temperature protective 


shield of burning gases is forced continuously into the 
kerf to minimize the chilling of slag.’’ Actually the 


combustion of the Oxyare core is doing exactly that. 
This misconception in the case of the article quoted is 
perhaps partially the fault of a schematic drawing which 


Fig. 9—Schematic Diagram of Oxyarc Cutting. Section 
Through Oxyarc Rod and Metal Being Cut 


the article uses to represent the Oxyare process: it 
shows an uncoated rod, with no crucible to seal the oxy. 
gen to the work and no indication of core combustion. 
The conditions in reality are believed to be those shown 
in Fig. 9. 

The mathematical theory of cutting has not yet been 
extended to the cutting of stainless steels and oxidation. 
resistant alloys. The theory for mild steel discussed in 
the sections above and culminating in Equation 6 merely 
provides for a certain temperature distribution at the 
surface of the plate. This is not a suitable theory for 
the cutting of oxidation-resistant alloys. Substitution 
into Equation 6 of the melting point of such an alloy in 
place of the kindling point of mild steel will predict too 
rapid a cutting speed, because the body of the plate will 
not have become heated to the melting temperature 
under those conditions. For truly nonoxidizing metals 
the heat necessary to develop the melting temperature 
down within the plate must be supplied entirely by the 
cutting rod. Equation 6 may possibly apply to the cut- 
ting of thin sections but its fundamental assumptions 
are wrong when applied to thicker plates. The mathe- 
matical theory of stainless cutting should be based on an 
extended linear source of heat rather than a point source. 

Such a theory has already been worked out by Rosen- 
thal,'® but unfortunately not for the complicated condi- 
tions prevailing in cutting oxidation-resistant alloys. 
The fundamental equation is similar in form to the theo- 
retical equation for a two-dimensional sheet, but it re- 
quires integration over the entire length of the heat 
source. The integration can be performed accurately 
if the heat source is constant throughout its length; 
this integration then leads directly to the equation for 
the isotherms in a thin sheet, for if heat losses through 
the surface are neglected these conditions are essentially 
two dimensional with respect to the heat source. The 
integration may be performed as a series of summations 
if the heat source is assumed to vary uniformly from a 
maximum at the upper surface of the plate to a minimum 
at the lower surface. Rosenthal has obtained an ap- 
proximate solution for this case, which may be related 
to the oxyacetylene cutting of mild steel; however, the 
solution does not agree with reported data unless a cor- 
recting factor is applied. In the present problem a some- 
what similar solution seems to be indicated, with the 
heat source tapering off from the intense energy of the 
arc to the more moderate temperatures of the gases and 
slag discharging from the bottom of the cut. 

Since the exact size and shape of the heat source are 
still a matter of speculation, the author has been dis 
couraged from attempting a numerical solution for the 
cutting of stainless alloys. It is hoped that some day 4 
least an approximate solution will become available, ™ 
order to smooth experimental values and interpolate be 
tween widespread points as has already been done 10! 
mild steel cutting. At any rate a start has been made 11 
that direction by describing the qualitative aspects ©! 
heat generation, melting, fluxing, diluting and mechant 
cal ejection. 


Economy of Operation 


An immediate practical application of the theory a 
veloped in this paper would be an investigation of 
economics of cutting. It is not the author’s mtentio” to 
inject actual cost figures into the present discussi0", but 
a few general observations are in order. ° - 

Equations 1, 6 and 8 may be used to compute es 
of cutting under various operating conditions Ms 
obvious that as soon as arbitrary values are assigned » 
the cost of rods, the price of oxygen, the cost o! l bet _— 
the time required by the operator to change © ree 
holder, a calculation can be made of the cost ©! cutting 
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per foot of plate or per unit operation. The variables 
in such calculations are the current J, the oxygen pres- 
sure ¥ and the inside and outside dimensions of the Oxy- 


arc rod. When the underwater cutting rod is examined 
in this light it is seen to be less economical to operate 
than rods of smaller outside diameter. This deduction 
is an encouraging test of the theory, for it is understood 
to agree with the preliminary experiments conducted by 
the U.S. Navy. Perhaps it should be pointed out that 
for underwater cutting the larger rod was finally specified 
not for economy but for length of life: it was of prime 
importance that the diver be freed as far as possible from 
the task of changing rods. For open-air cutting the 
greater importance of economy has favored the use of the 
smaller rods. 

Another use of Equation 1 involves the relation be- 
tween burn-off rate and the melting or kindling tempera- 
ture. Equation 1 shows that a noncombustible rod of 
high melting point, say a stainless steel or nickel-base 
alloy, will have a proportionately slower burn-off rate 
than a mild steel rod. This observation immediately 
raises the practical question: will such a rod be a more 
economical tool to use? The question is outside the 
scope of Equation 1, but the answer can be given from 
other knowledge. For the stainless type of rod to be 
more economical, two conditions must be fulfilled: 
first, the increased cost of the core must not offset the 
gain in lifetime of the individual rod, and second, the 
speed of cutting must not be adversely affected. Actu- 
ally neither of these conditions is fulfilled. The ex- 
pected increase in rod life is less than twofold, while the 
increase in cost is several times that. The speed of cut- 
ting furthermore is definitely decreased. Early experi- 
menters with the underwater arc-oxygen method used 
brass and cast-iron tubes,' but these tubes were found to 
be inefficient. Stainless steel tubes are understood to 
have been investigated during the development of the 
modern underwater electrode and to have been found 
unsatisfactory in comparison with mild steel. Each of 
these efforts to use oxidation-resistant core metal re- 
sulted in reduced speed of cutting and far higher costs. 

Some comment should also be made on the subject of 
oxygen consumption. When using the present mild-steel 
Uxyare rods to cut stainless or nonferrous metals, the 
most economical oxygen pressure will be but little 
greater than the minimum pressure required to consume 
the rod (Equation 10). Even at the lowest pressures the 
oxygen stream seems to have sufficient force to fairly 
easily clear the molten metal out of the cut. 

According to Equation 10, for one of the commercial 
brands of Oxyare rods in which d = 0.063, the pressure 
¥ should be 7 psi. at 130 amp., 14.5 psi. at 185 amp., 27 
psi. at 275 amp., and soon. The lowest pressures which 
lave been recommended for commercial cutting of 
tainless alloys with this particular Oxyare rod (based 
on experimental tests only and not on Equation 10) are 
10 to 15 psi.,” except for '/4- and '/2-in thick chrome- 
uuckel steels, straight-chrome steels, Monel and nickel; 
it these cases 3-5 psi. and 5-10 psi. were recommended 
‘or the '/,- and /s-in. thicknesses, respectively, using 175 
‘0 185 amp. The general recommendation of 10-15 psi. 
Pron seems quite reasonable in the light of Equation 
. The use of less than 10 psi. of oxygen for the special 
alloys would not be in keeping with Equation 10, but 
dif + and '/,-in, plate it may be difficult to detect any 
eens between 5 and 10 psi. It will be recognized 
~ _ cutting thin plates with rapid oxygen flow the 
faa 4 combustion of the core may be liberated too far 
slate nm ) of the rod to be transferred effectively to the 
ae tae tee at lower oxygen flow rates the reaction 
able ay be much more concentrated and thus may be 

© heat up the plate more effectively, even though 
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the incompleteness of the combustion makes less heat” 
available in total. An exact experimental study of the 
optimum cutting conditions should be made, in which 
the results are interpreted in the light of Equation 10. 


Future Research Needed 


The future work which is needed in connection with 
the theory of Oxyarc cutting lies mainly in the field of 
mathematics. Physical measurements are needed to de- 
termine the length of the combustion zone for the oxida- 
tion of the rod and the heat distribution within that 
zone, and yet even these values may be capable of theo- 
retical calculation. It seems reasonable to hope that a 
rigorous development of the theory of heat transfer from 
an arc of finite size to the surface of plates of given thick- 
nesses will correlate the existing data for mild steel cut- 
ting and possibly justify some of the assumptions the 
author has made in this paper. Similarly it is to be 
hoped that a rigorous treatment of the propagation of 
heat ahead of an advancing “‘flame’’ of finite length and 
variable heat content will correlate the existing or future 
data for cutting oxidation-resistant alloys. In this latter 


theory can be tested. There is already evidence appear- 
ing in field tests that the early data, obtained without 
benefit of theoretical guidance or prior experience, were 
lower in speed than need be accepted. 

The present statement of the theory of Oxyare cutting 
covers the qualitative aspects of the process and some of 
its quantitative aspects. When the mathematics of 
stainless cutting has been worked out, it is believed that 
the theory will be able to predict the optimum conditions 
for efficient quality cutting of any commercial alloy 
whose physical constants are known or can be deter- 
mined. 


Summary 


The Oxyare process is an arc-and-oxygen cutting 
method capable of piercing, cutting or gouging any 
metal or alloy. The mechanism by which it operates 
has been analyzed as accurately as possible in this 
paper, in order to develop a qualitative and quantitative 
theory of its operation. 

The heart of the process is the Oxyare rod. This is a 
flux-coated metallic tube through which oxygen and the 
electric current are conducted to the surface of the work. 
The dimensions and composition of the core of the rod 
determine the economy of cutting. They control the 
dimensions and quality of the cut, the rate of burn-off 
of the rod and the rate of consumption of oxygen. The 
ability of the process to cut oxidation-resistant alloys 
results from the use of a mild steel core, the combustion 
of which contributes the additional heat needed to melt 
such alloys. The coating on the rod is similar to the 
coating of a mineral-type arc-welding electrode. The 
coating performs the important functions of stabilizing 
the arc for a.-c. or d.-c. operation (the oxygen stream 
tends to blow out an unstable arc), of sealing the arc and 
the oxygen to the work (by forming an insulating cruci- 
ble which the operator keeps in contact with the work), 
and of fluxing the metal and oxides from the cut. 

A quantitative mathematical theory of cutting has 
also been attempted. The theory is still in various 
stages of development depending on the complexity of 
the problems studied. 

The rate of burn-off of the Oxyarc rod is directly pro- 
portional to the intensity of the electric current and the 
cross-sectional area of the core. For simple cutting the 
burn-off rate is 0.003 cu. in. per ampere per minute. For 
piercing and gouging, the rate is somewhat faster. 
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- The energy supplied by the are to the surface of the cut 
ranges from 1.0 to 1.6 Btu. per ampere per minute (0.037 
Btu. per watt per minute). This is sufficient to explain 
the speed of preheating mild steel, The heat liberated 
by the combustion of the core is 2.5 Btu. per ampere per 
minute, or approximately twice the energy available 
from the are. 

The rate of cutting mild steel depends on the rate at 
which the kindling temperature (1600° F.) can be es- 
tablished on the surface of the plate. A semiempirical 
equation has been written for the speed v of cutting 
plates of thickness g with Oxyare rods of outside core 
diameter 2r, as follows: 


2° EITKo(0.647grv) = 1000 (6) 


in which F/ is the current in watts and Ko(x) is the 
Bessel function of the second kind and zero order. The 
equation is partly based on the theoretical equations for 
the temperature distribution about an electric are during 
long welding runs on thin and thick plates of infinite 
width. The equation agrees with the available cutting 
data for a wide range of plate thicknesses, rod diameters 
and arc energies. 

The rate of oxygen consumption depends on the in- 
side diameter of the Oxyarce rod and the oxygen,pressure. 
The effective orifice size of the tube is 0.78 times the 
inside diameter. The correct oxygen pressure y fora 
given plate size may be calculated from the flow rate X 
used in oxyacetylene practice, using the equation 


X = (d/0.0487)?-! + 11) (8) 
in which d is the actual inside diameter of the rod. The 
minimum volume of oxygen needed to completely con- 
sume the Oxyarc rod at a given current value J is 0.235] 


cu. ft. per hour. The minimum oxygen pressure y is 
given by the equation 


+ 11 = 0.2351(0.0487/d)*-' (10) 


The mechanism of cutting oxidation-resistant alloys 
is more complex. Qualitatively, the process involves 
fluxing and diluting actions (which lower the melting 
point of the surface oxide film at the leading edge of the 
cut) and an effective heat transfer method resulting 
from the nature of the arc-and-oxygen stream projecting 
from the tip of the Oxyare rod. The time delay in the 
combustion of the core and the action of the oxygen in 
directing the heat of the are downward into the cut 
create an extended heat source which readily melts the 
metal and oxides all along the leading edge of the cut. A 
quantitative picture of stainless cutting has not been at- 
tempted. 

The future research needed to improve this prelimin- 
ary theory of cutting is largely mathematical. New 
experimental data, which will meanwhile be examined 
in the light of the present development, will undoubtedly 
become available for testing the future advances of tlie 
theory. 


APPENDIX 


The equation for the isotherms in a two-dimensional 
sheet is given by Rosenthal™ ! in the form 


(A) 


in which ¢ is a moving coordinate measuring distance 
from the center of the arc along the direction of motion, 
and r is a radial coordinate measuring distance from the 
are in any direction. The exponential expressions are 
the natural exponential e* and the Bessel function of the 
second kind and zero order, Ko(x). The various con- 
stants must be expressed in consistent units. Suitable 
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values in the centimeter-gram-second system are liste 
by Rosenthal; converted values in the English system 
as used in this paper are given in Table 2. 


The equation for the isotherms in an infinitély thick Lewd 
plate is given by Rosenthal in the form ae po 
la 

exp (—Ave) exp (— dvr) (B) 

Schaef 
in which the symbols have the same meanings as in 9 Sjlver f 


Equation A. 

The half-width of the isotherms at the mid-point of th 
arc, that is, the width at 90° to the direction of travel 
is given by the value of r when ¢ = 0. By basing the 
semiempirical equation for the speed of cutting on th 
half-width of the kindling temperature isotherm th JOURNAL, 
equation is simplified through the elimination of th aderwat 
term in ¢. The form of Equation A appears mor — 
promising than Equation B for fitting data for various 
sizes of plate because it already contains the plate thick. 
ness g. However, this is not necessarily an advantage 
since the plate thickness will be arbitrarily introduced 
into the exponential term in order to obtain semiempiri- 
cal Equations 5 and 6. 

The general form of the semiempirical equation (se 
Equation 5) is obtained from Equation A by setting 
¢ = 0, introducing the plate thickness g and an adjusting 
factor 6 into the Bessel function Ko(Avr), and adjusting 
the resulting equation to the experimental data by use o/ 
a second factor F. 

The most suitable value for the constant b for each 
size of plate was obtained by substitution of the experi 
mental data into Equation 5. In order to avoid simu! 
taneous equations, the equation was forced to pass 
through a reliable data point at low current and then by 
trial the value of 6 was determined which brought the 
equation into line with the high current data. Finally, 


Kz 


Ce 


ar 
comparing all sizes of plate, it appeared that the valu The hi 
of 6 which fit the data best was 1.2. The exact value of omfort 
b is not very critical, a 10% variation giving curves which trol of 
still fit the data fairly well. leposit 

The factor F was then determined by substituting the itions 
experimental data into Equation 5 with b = 1.2, and to man 
plotting the values of F against the plate thickness ¢ 0! The 
log-log paper. A simple straight line relations re wel 
seemed to be indicated, with slope 1.9 and unit intercept pieces ¢ 
(g = 1) at F = 8.7. The expression for F is thus surface 

P= 

The adjusted form of Equation 5 is then t resu 

Th, (1 ly of 
2akg teels a 

(D lectroc 

OMe 

The |] 

which ¢ 

It should be noted that the use of factors for V other me 7 
than the 65% figure actually used would have no elie" i 
on the final form of Equation 6, since that would o” weld in 
change the coefficient (8.7) in factor F (Equation \’ nye 
By the same token the agreement of the semuiempit® travel 1 
equation with the experimental data has no bears" In th 
the validity of the assumption that 65% of the are ents metal 
is available to heat the plate. Manual 

The presence of the plate thickness g in the numeral especial 
of Equation D may seem confusing. It does not ™* fabricat 
that thick plates are hotter than thin plates. The p™ sition, 
ence of the plate thickness in the Bessel function K re only a 
actly balances the total expression and adjusts 
experimental data, a fact which will be recog! ized irom eek of O 
the method used to compute factor F. tml 
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Composite Alloy Fabrication with the 
Hidden Arc 


By H. E. Cable? 


HE properties of the Hidden Arc process for de- 
positing and joining alloys of poor weldability but 
good service qualities in resistance to wear, abra- 
ion and corrosion opens a new field metallurgically. 
the high deposition rate, freedom from operator dis- 
omfort in working on preheated material, accurate con- 
rol of deposit chemistry and the physical contour of the 
posit improve on many previous hard surfacing appli- 
itions and extend the field for the hard-surfacing idea 
to many new products. 
The oldest industrial or commercial applications of 
ie welding were in the repairing of breaks in metal 
meces and in replacing abraded or worn material on the 
‘urlace of a metal piece. The success of early attempts 
io use the arc in this manner was often questionable and 
sometimes still is when the type of metal to be repaired 
t resurfaced is of poor weldability. However, proper 
te hnique in the application of the right electrodes, gener- 
uy of the austenitic type, to repairing breaks in alloy 
‘eels and proper application of the right wear-resistant 
ectrodes has been very successful in many instances for 
ome years past. 
the Hidden Are as a fully automatic welding process in 
which current and rate of wire feed, voltage, travel speed 
me direction are all mechanically controlled is not gener- 
lly applicable to repairing breaks which are normally 
tonuniform. The recently introduced Manual Lincoln- 
veldin which only current or rate of wire feed and voltage 
are mechanically controlled with direction and rate of 
arty under manual control, gives promise in this field. 
_ 40 the field of replacing worn or abraded or corroded 
metal the Hidden Are offers many advantages over 
pa pea arc welding in some applications and 
Teste in the related application of composite alloy 
ition superior quality of alloy compo- 
." Sually at higher cost per pound, is applied to 
’ 4 part or surface where its superior resistance to 
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The Lincoln Electric Co., Pittsburgh 12, Pa. 


Fig. 1—Rebuilt Mine Locomotive Wheel 


abrasion or wear, corrosion or impact enhances the 
serviceability of the piece. 

The particular virtues of the process are probably best 
brought out by illustration in the description of some 
successful applications. 

Probably the most common cause of failure both in the 
repair of fractures and in surfacing is underbead cracking 
and embrittling of readily hardenable alloys; in fact it 
seems that most any alloy, other than the austenitic 
alloys, which is resistant to abrasion, wear or corrosion is 
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so sensitive to hardening as to be classed as of poor weld- 
ability. 

Our first example to be considered is mine locomotive 
wheels (Fig. 1). Such wheels have been rebuilt by weld- 
ing, both manual shielded are and the open automatic 
arc.' No previous shielded automatic process seems to 
have been able to justify itself in this usage in the ulti- 
mate analysis on the basis of economics. 

Most mine locomotive wheels and tires offered today 
are of an ordinary medium-carbon or high-carbon analy- 
sis of poor weldability. This is typical of many other 
pieces in which no one seems to have conclusive proof that 
it is the best analysis for the service. Nor do we claim 
to have found in our limited experience the best alloy but 
we have found one somewhat better in serviceability 
which is being applied to rebuilding with substantial 
economies over replacement. 

This paper is not intended to discuss in detail the 
chemistry or metallurgy of these applications. The fore- 
going statement is made to bring out the possibilities of 
developing better serviceability in a product or piece with 
further economies both as the result of improved cost- 
service ratio and by indirect savings in the cost of replac- 
ing at less frequent intervals which, in many cases, can 


exceed the savings possible on the cost of the piece itself. 

Steel of 0.85 carbon is of poor weldability and normally 
requires preheating. The rate and uniformity or dis- 
tribution of heat application with the Hidden Are are 
such as to quickly bring the wheel up to stress-relieving 


temperature. Furthermore, the stress-relief tempera- 
ture with this process is substantially. lower than would 
be required with other types of arc shielding. Un- 
doubtedly the complete shielding of the are from hydro- 
gen and the fluxing of the molten pool by this process 
are responsible to some extent. We would mention here 
that a substantial part of the carbon content of the elec- 
trode is lost even with this thorough shielding as are some 
other alloying elements to a lesser extent. 

A similar yet markedly different application is found 
in crane wheels where the loading is principally normal 


to the rail, whereas the mine locomotive wheel is required 
to exert maximum tractive effort in ratio to wheel load. 
ing. 
Another related yet very different application is the 
surfacing of the wheel-forming rolls (Fig. 2) used in roll- 
ing flanged steel wheels such as the mine locomotive 
wheels. These are surfaced with a hot forging tool stee] 
which would be too expensive for good economics if the 
piece had to be made entirely of thissteel. Asa facing 
material its performance is most remarkable. 

Wear rings on drill pipe used in the rotary drilling of 
wells is another example of an application previously 
done with manual are welding which is done better and 
cheaper by the Hidden Arc. 

Gates or disks and seats of valves subjected to cor- 
rosive or erosive action are being faced better and cheaper 
by this process. 

Because of the relative freedom from hydrogen and 
some other aspects of this Hidden Arc the sensitivity of 
these hardenable steels to cracking is lessened. We find 
that we can make perfectly sound deposits of high-alloy 
content at such low preheat temperatures as to induce 
high quench hardness in the deposit without cracking. 
This has great significance in the rebuilding, or building, 
of a rolling mill back-up roll. These heavy rolls take the 
bending load and the crushing load of the much smaller 
diameter work rolls. They must have great tensile and 
fatigue strength in the core or mandrel to resist the bend- 
ing action. The surface must be hard to resist the crush- 
ing action under enormous straight-line loadings. The 
subsurface must be hard enough to support the surface. 
The conventional back-up roll analysis is a compromise of 
these requirements in a massive casting which cannot be 
subjected to more than a very mild quenching action 
It must therefore have high-alloy content and this rapidly 
increases the “‘per pound” cost of this great mass and de- 
creases its weldability. 

Spalling out of pieces of the surface of these rolls is a 
common cause of their failure in service. Most roll ex- 
perts agree that the basic cause of spalling is the work 
hardening of the surface of the roll to such an extent that 
a shearing stress is set up between the work-hardened sur- 
face layer and the adjacent sublayer which causes failure 
in this plane and spalls out pieces of the surface layer. 

It is believed that quench hardening of the suriace 
layer during deposition followed by a mild draw obtained 
as subsequent layers are deposited will give a harder sur- 
face with less alloy which will be relatively less hardened 
by working. In this way there will be a lesser difference 
between the surface hardness and that of the supporting 
layer for a given amount of working. This means more 


Fig. 3—Altered Structural Blooming Mill Roll 
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Fig. 2—Flanged Wheel Forming Rolls 
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Mn Si 

Cast steel 

base 0.79 0.65 0.32 
Ist pass; L- 

60 elec- 

trode 0.15 0.20 0.03 
Subsequent 

passes X- 

1837 0.35 0.35 1.00 

Electrode 


tonnage rolled between roll dressings which is an econ- 
omy. Furthermore, while our present efforts at rebuild- 
ing are limited by the poor weldability of the base metal 
of the roll, this will be corrected and further economies 
obtained when the roll is fabricated from the start with a 
mandrel of good weldability and having maximum tough- 
ness. It can be stress relieved, normalized or heat 
treated as desired. On such mandrel we will deposit ap- 
propriate subsurface and surface layers of alloys and 
quench them during deposition to obtain maximum 
wearing values. It will be possible to rebuild such rolls 
almost indefinitely. 
_This has been done in the case of strip coiler rolls.’ 
These coiler rolls run in a basket or holder which presses 
them against the strip to keep it tight and straight as 
coiled. The rolls are small in diameter for their length. 
the conventional cast coiler rolls are high alloy as they 
must be very hard and smooth to avoid marking the 
‘trip. Coiler rolls fabricated by depositing a high-speed 
tool steel on a 45-50 carbon forged mandrel have given 
excellent service and are now standard in several mills. 
Edge rolls in slabbing mills which are subject to severe 
wear have similarly been completely fabricated with re- 
markably improved serviceability and economy. 
/ Numer: us types of rolls used in less exacting service 
are being very economically reclaimed such as cold- 
reduction rolls and back-up rolls on which journals are 
rebuilt; passes are altered on structural shape rolls (Fig. 
teat such pieces as a large head shear eccentric. 
ial large roll rebuilt at Jones & Laughlin’s 
spalls ms } orks the spalled roll was turned free of 
ja heey cracks which resulted in a 46 in. 
etek ia n t working face. Normal working diam- 
v< lll. SO 1t was decided to rebuild to finish that 


"sion. This required 18 days of continuous opera- 


Base Preheated to 400° F. for Welding 


Firth Hardness Readings Taken Every 0.040 In. from Approximate Center of Last Pass Into Bass Metal 
Fig. 4~-Macrograph of Section Through High-Alloy Deposit 


Vv 
0.85 0.42 - 0.10 0.02 


5.00 1.35 


Firth Hard- 
ness Spaced at 
0.040 In. 
1— 549 
2—521 
3—549 
4—521 
5—521 
6—521 
7—521 
8—521 
9—470 
10—470 
11—470 
12—470 
13—470 
14—470 
15—470 
16—209 
17—209 
18—301 
19—278 
20—249 


21—202 
22216 
23—189 
24—202 


tion during which time approximately 13,000 lb. of metal 
were deposited by one welding head. It was intended to 
deposit approximately */s-in. of finish metal but when the 
roll was turned it cleaned up all but a few scattered 
streaks at 52'/»-in. diameter with only about '/s-in. aver- 
age finish metal removed. The smaller pieces are regu- 
larly deposited to */,,-in. finish metal and expert opera- 
tors hold within '/s-in. consistently. 

Runout table rollers for some service are not machined 
at all. 

Many of the mine locomotive wheels have only the 
flange machined. 

The wear collars on drill pipe are of course not ma- 
chined and there are many other instances where the 
surfacing metal is deposited to such smooth, accurate con- 
tour as to require no further finishing. Where this is 
possible there is even greater economic advantage. 

It is mentioned above approximately 13,000 Ib. of 
metal were deposited on the J & L back-up roll in 18 days 
of welding with one automatic head. There are pres- 
ently two heads on this setup which reduces time required 
for a given deposit to about half and has the further ad- 
vantage of maintaining temperature in the work with 
less auxiliary heating. 

The use of direct current on these applications permits 
a high proportion of admixture between electrode and 
base metal by the use of electrode positive polarity 
whereas maximum deposit rate is obtained using elec- 
trode negative. On these round pieces the deposition 
rate is limited by the diameter and mass of the piece. 
We have run about 0.9 Ib. per minute with one head on 
large back-up rolls and experience has taught us how to 
deposit a smooth, uniform bead at high deposit rates. 

In the case of welding on high-alloy pieces we have ac- 
complished the transition to another analysis by using a 
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mild steel electrode to alloy with the base metal beneath 
and the alloy deposit on top (Fig. 4). Generally speak- 
ing the effect of alloying with the base metal is found in 
the first three layers of deposit with the fourth and sub- 
sequent layers approximately stable in analysis as weld 
metal. 

A further obvious advantage of this process is that the 
operator need not work in the high temperature at which 
these high alloys need to be welded. 

Another type of composite fabrication is the use of this 
process with either mild steel or alloy electrodes to join 
pieces of dissimilar composition, one of which usually is of 
poor weldability, either cold or preheated. Here the 
properties of the process as outlined make for repro- 
ducibility of high-quality welds at low cost which add 
value and at the same time cut cost. It appears that 
such economies and quality will make composite alloy 
fabrication desirable in many production applications 
such as the aircraft generator frame, plowshares and con- 


veyer and stoker screw flights, some of which are fabri. 
cated at the firebox end with chromalloy for heat resist 
ance. Stainless sandwiches and bimetal strips ar 
welded together by this process prior to rolling to size. 

The most advanced trend in surfacing with alloys js 
the use of fabricated electrodes wherein the desired allo, 
deposit is alloyed in the arc from semirefined ores at su} 
stantially lower cost than by using the finished alloy wir 
One of the oldest applications of this type is “Lincolloy 
which is a copper-iron alloy having a good combination o/ 
electrical and mechanical properties in itself and a ver 
low resistance contact with the steel on which it is « 
posited. 
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Comment on Article “A Comparison of Low. 
Pressure Vessels Constructed in Compliance 
with Ditferent Codes or Regulations” 


By R. K. Cadwell? 


The Liquefied Petroleum Gas Tank Manufacturers’ 
Association would like to call attention to the following 
information additional to that given in the above article, 
with particular emphasis on the author’s statement in the 
first paragraph that ‘‘A purely statistical analysis will 
hardly tell the whole story, sometimes ‘one good reason 
why’ is worth a good many figures.” 

Mr. Cecil states that ‘“Narrowing the subject down to 
considering only containers for liquefied petroleum gases 
will practically limit comparison of containers to those 
constructed in accordance with either I.C.C. Specifica- 
tions or the A.S.M.E. Code or the A.P.I.-A.S.M.E. Code. 
These standards came into being in the order enumerated, 
beginning with the I.C.C. Specifications, the early part 
of this century.’’ The inference apparently being that 
the date of inception of the code would give that code the 
advantage over later codes by reason of a longer period 
of practice. However, liquefied petroleum gases have 
not been in use on any commercial scale for more than 
fifteen years and it has been only the last few of these 
th-t propane or mixtures requiring higher vaporizing 
pressures have been handled to any large extent. 

Mr. Cecil is right when he says “‘A comparison of the 
relative merits of these different types of containers be- 
comes desirable when it is proposed to substitute one 
type for another, for example, placing an I.C.C. container 
in stationary service—either temporarily or otherwise. 
He does not call attention to the fact that the I.C.C. 
container was designed solely for a shipping container 
and not for a stationary storage where it ceases to be 
subject to the periodic inspection required by I.C.C. 
Specifications which have kept it a ‘‘safe’’ package for 
shipping. 

* Article by R. E. Cecil, published in the May 1947 issue, THe WeLpinc 
JourRNAL, pp. 431-433. 


+t President, California Liquefied Petroleum Gas Tank Manufacturers’ 
Association . 
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Mr. Cecil continues, ‘‘Mere thickness of the stee! 1 
the wall of a container cannot be the yardstick for com 
parison.”’ He points out that steel specifications fu 
I.C.C. require only a maximum yield of 70% with n 
minimum requirement, while the other codes require 4 
minimum of 50% with no maximum requirement. [! 
should be pointed out that 70% of the ultimate tensik 
for the yield point is so high and would result in such 4 
brittle steel that this figure has no meaning with respect 
to ductile shells. Such a high percentage for yield pom! 
in steels specified by A.S.M.E. and A P.I.-AS.ME 
codes is unheard of on mill reports. ¥ 

Mr. Cecil proceeds to a comparison between an 1.C.C 
4B240 container and an A.P.I.-A.S.M.E. container built 
for 240 psi. working pressure in which he attempts 
show that in the vessels with seamless shells the shel 
thicknesses are alike within 2%. He does not meitiol 
the fact that the I.C.C. regulations for maximum salet) 
valve setting on the 4B240 is 375 psi., initial opens, 
with full opening at 425 psi., which as far as safety 1s ©0” 
cerned, makes the 4B240 equivalent to a 375-lb. vess% 
whereas the maximum safety valve setting on 
A.P.I.-A.S.M.E. or A.S.M.E. U201 vessel under © 
sideration is 240 Ib. 

The 240-Ib. rating of the I.C.C. container is based © 
the vaporizing pressure of the liquefied petroleum 5° 
at 70° F. The basis for establishing working press” 
on the other various codes and regulations is the vap" [ 
ing pressure of the liquefied petroleum gas at cither |" 
or 130° F., as these temperatures are normally or 
tered. The I.C.C. Regulation P303 (j) (4) spect” 
states that the pressure of the cylinder at 130° must)" 
exceed one and one-fourth times the service pressur® ea 
which the container is designed. In other ves 
4B240 is a 300-Ib. vessel with a safety valve setting Wi" 

(Continued on page 922) 
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Arc Welding of Copper and 
Copper-Base Alloys 


HE welding of copper and copper- 

base alloys is a very comprehensive 
subject. In terms of the iron-base metals, 
it would be equivalent to covering the 
entire field of mild. steel, low-alloy, high- 
tensile steel, stainless steel, tool steel and 
hard surfacing alloy welding. Therefore, 
this discussion will be confined primarily 
to the are welding of the copper alloys used 
most extensively in industry today. 

There are probably as many different 
alloys of copper available to the designing 
engineer as there are iron-base metals. 
However, information regarding the 
properties, and especially the weldability 
of the copper-base alloys, is considerably 
less extensive. General knowledge is 
fortunately increasing rapidly because of 
the increasing interest and usage of these 
alloys as a result of: 


|. Wartime welding experience gained 
in this field. 
2. The unusual low-temperature physi- 
cal properties of these alloys. 
The continued improvement of 
coated electrodes for the metallic- 
are welding of these alloys. 


Like the iron-base metals and alloys 
copper alloys range in properties from 
very soft, ductile, pure copper to the hard, 
igh strength, heat-treatable alloys, such 
as the aluminum bronzes and beryllium 
copper 

Almost all of these alloys are weldable 

by means of are welding using either the 
metallic- or carbon-are methods. Some 
lew of the alloys are not weldable, such as 
the leaded bronzes. 
_ Bronze electrodes are used extensively 
‘or repair weld-brazing cast irons and for 
“depositing overlays for bearing, wear- and 
Corrosion-resistant surfaces. However, 

* Scheduled for Twenty-Eighth Annual Meet- 


ing, A. W_S., Chicago, Ill., week of Oct. 19, 1947. 


| Development Manager, Weldrod Depart- 
ment, Ampco Metal, Ine 


Al Sn 
\opper, electrolytic 

\opper, deoxidized 

Copper-tin 1- 


~opper-silicon 0-2.0 
-Opper-zin 

O-1.5 
*pper-aluminum 1-14.5 0-2 


As cuprous oxide, Cu 99.9% min. 


By F. E. Garriott* 


with the increased demand for copper- 
alloy weldments in the chemical processing 
equipment field, the arc-welding process of 
joining these alloys is becoming more 
generally used in production fabrication 
because this method provides maximum 
welding speeds and weld quality with a 
minimum of skill required by the operator. 

Since it is impossible to cover the entire 
field of copper alloy welding, the following 
most commonly used base metal groups 
have been selected for discussion: 


Copper 

Copper-Tin Alloys 
Copper-Silicon Alloys 
Copper-Zinc Alloys 
Copper-Aluminum-Iron Alloys 


Copper-Base Alloy Types and Properties 


In order to develop more fully the values 
of welding and the weldability of copper 
and the copper-base alloys, it seems ap- 
propriate to discuss briefly alloy composi- 
tions and base metal physical properties. 

Pure copper, like pure iron, is inherently 
a very soft, ductile metal of low tensile 
strength. Also, like iron, other elements 
must be alloyed with copper in order to 
induce higher strengths and hardnesses. 
In fact, some of the same hardeners are 
used for alloying with copper as those used 
with iron, namely: nickel, manganese and 
silicon. 

Carbon, the primary hardener for steel, 
is never used in copper-base alloys because 
it does not alloy with copper. Actually, 
carbon is used as a cover for some copper- 
alloy melts to protect the molten metal 
from oxidation during the melting opera- 
tion. 

The primary hardening elements for the 
copper alloys are generally tin, silicon, 
zinc, aluminum and _ beryllium. For 
hardening effect, generally 1° of alumi- 


Table 1—Copper-Base Alloys—Composition 


Alloying Elements—Copper Remainder 


Zn Si Fe Mn 
"9-0 10 
0-5.0 0.25-5.0 02.5 0-1 
37.0-43.0 15 


num is equivalent to 6% of zinc; 3.5° of 
tin or 3.3% of iron. 

The chemical compositions of the alloys 
selected are listed in Table 1. Two types 
of copper are listed—electrolytic and de- 
oxidized. The differences between the 
two are differences in the impurities pres- 
ent. 

In the copper-tin group, only the phos- 
phor bronzes of tin content up to and in- 
cluding 10°, will be discussed since these 
compositions are those most frequently 
welded. 

In the copper-silicon group, discussion 
will be confined to those alloys most com- 
monly used in welded, fabricated assem- 
blies having a silicon content of around 
3°) with small amounts of iron, manganese 
and zinc present 

The most interesting alloys in the 
copper-zine group to the welding engineer 
are the high zinc alloys with zinc contents 
between 37 and 43%, to which are added 
small amounts of iron, manganese, nickel 
and possibly tin. 

Although there are many grades of 
aluminum bronzes, discussion will be con- 
fined to those alloys containing relatively 
high percentages of aluminum with iron as 
the secondary hardener. 

Table 2 gives the average tensile 
strength and ductility as measured by 
elongation in 2 in. for copper and the cop- 
per alloys. Note the values are given as- 
cast, and wrought forms in both the soft 
and hard conditions. The as-cast, tensile 
strengths run from a low of 30,000 psi. for 
electrolytic, tough-pitch copper to a high 
of around 125,000 psi. for aluminum 
bronze. 


Welding Recommendations 


The copper-base alloys can be joined by 
any of the accepted welding methods. 


However, this paper is limited to those 


P O Ni 
0.01—-0.08* 
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Table 2—Copper-Base Alloys—Physical Properties 


—Average Tensile Strength, 
-— 
Hard 


Elongation in 
Alloy Type Cast Soft 2 In., %, Soft Heat Treatable 


Copper, electrolytic, tough pitch 


Copper, deoxidized 


Copper-tin alloys 


30,000 
32,000 


33,000 
35,000 


55,000 
59,000 


50 
40 


No 
No 


Phosphor bronze 
Copper-silicon alloys 

Silicon bronze 
Copper-zince alloys 

Naval Brass, manganese bronze, 

Muntz metal 

Copper-aluminum-iron 

Aluminum bronze 


primarily of arc welding for the alloys 
selected. 

Techniques for the arc welding of copper 
and copper alloys do vary some from those 
used in steel welding because of: 


1. Higher thermal conductivity. 
2. Electrical conductivity. 
3. Higher coefficients of thermal ex- 
pansion. 
Lower melting points. 
The greater fluidity of the molten 
metal at arc welding tempera- 
tures. 


Therefore, it is necessary generally in 
copper-alloy welding to: 


Allow more space in the joint for 
expansion. 

Tack more frequently. 

Use higher preheats. 

Use higher amperage for size of 
electrode and plate thickness. 

Travel at a faster rate of speed than 
is used in mild steel welding. 


Joint designs are varied accordingly 
from standard mild steel practice in that 
wider grooves are used and sharp corners 
must be avoided. 

Recommended joint designs for copper 
and copper alloys are shown in Fig. 1. 
Tight joints are to be avoided in welding 
light-gage copper-base alloys as shown in 
Example 1. The first two joints are those 
most frequently used for light sections 
from '/s9 to '/s in. in thickness with the 


38,000— 45,000 
40,000— 55,000 


60,000-110,000 


70,000-120,000 


45,000-55,000 
40,000-60,000 


50,000-65,000 


60,000-—85,000 


metallic-are and carbon-are methods. 
Lap joints on very thin sections are 
usually silver brazed. 

For plate thicknesses of °/32 to 7/\g in. a 
90° single V groove is recommended with 
a backup strip of copper or matching alloy 
as shown in Example 4. 

For heavier plate thicknesses of 4/, in. 
and above, three typical groove designs are 
given in Examples 5,6 and 7. The groove 


@ 
FoR to Ve 


FoR %2 To Ye_PLa 


80,000-110,000 20 


75,000-—105,000 65-45 No 


Some grades, 
Yes 


70,000—120,000 25 No 


80,000-—125,000 Yes 


widths are generally greater than thos 
used in mild steel welding. For examp\ 
the single V groove, No. 5, is 90 


that are usually 45 or 60° overall. The | 


grooves given in Examples 6 and 7 hay 
an opening at the top of 30 to 40° witha 


‘/,in. radius at the bottom as compared t 


a 20° opening for similar grooves in mil 


steel. 


et 
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Fig. 1—Recommended Joint Designs for Copper-Base Alloys 


Table 3—Copper and Copper-Alloy Electrode Classification 


Proposed 
A.W.S.-A.S.T.M. 
Designation 

E Cu 
E Cu Sn-A 


Core Wire Type 


Copper, deoxidized 
Phosphor bronze 


E Cu Sn-C 
Silicon bronze E Cu Si 
Aluminum bronzes E Cu Al-A 
E Cu Al-B 
E Cu AI-C 
E Cu Al-D 


E Cu AI-E 


(Metallic-are and Carbon-arc) 


Deposit Composition, “% 
(Plus Copper) 


Form Available 


Base Metals Welde: 


overal 
as compared to similar mild steel grooves 


Copper 

Tin 
Phosphorus 
Tin 
Phosphorus 
Silicon 
Copper 
Aluminum 
Iron 
Aluminum 
Iron 
Aluminum 
Iron 
Aluminum 
Iron 
Aluminum 
Iron 


99. 
4 


‘ 

0.3 max. 
2.5- 3.75 
94.0 min. 
.5- 9.0 

5 max. 
9.0-10.0 
5.0 
0-11.0 


10 


0-12 .0 
0- 5.0 
0-13 .0 
3.0- 5.0 


7 
1. 
3. 
( 
3.0- 5.0 
1. 
3. 
2. 


1 


Coated and bare 
Coated and bare 


Coated and bare 


Copper 
Copper, brass, tin 


Bronzes, iron-base metals 


Coated and bare 


Coated 
Coated 
Coated 
Coated 


Coated 
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Brass, tin bronzes 

Iron-base metals 

Silicon bronzes 

Aluminum bronzes, brass, 5!" 
bronzes, iron-base met ils 

Aluminum bronzes and ove” 


{ overlay? 


Aluminum bronzes 
1 ov lavs 
Aluminum bronzes «1c ove 


Aluminum bronzes 


Copper 
Copper 


Copy eT 
Copper 


Copper 
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changes are, however, necessary in some 


Table 4—Copper cases in order to: 
Physical Properties 1. Improve welding characteristics 
t —Ultimate Tensile Strength, Psi., Av.— Elongation in 2 In., “ 2. Control deposit physical properties 
Wrought Weld Wrought Weld 3. Compensate for losses of alloys in 
Cast (Soft) Metal (Soft) Metal the remelting process 
25,000 20 The oxides of copper, tin, aluminum and 
OPPs the many other alloying metals are difficult 
Welding Methods to remove from the weld metal during the 
; Electrodes short time involved in transferring the 
) Welding Process and Rods Form Preheat metal across the arc. Therefore the neces- . 
a Copper, deoxidized Metallic-arc E Cu Coated sity to use very strong fluxes such as 
Phos-copper Bare fluorides in the coatings of metallic-arc 
_ E Cu Sn-A Coated or bare 800-1000° FP. welding electrodes, and the powdered 
Copper, deoxidized Carbon-are E Cu Bare fluxes for oxyacetylene welding. In this 
Phos-copper Bare , respect the copper-base alloy coatings and 
E Cu Sn-A Bare 800-1000° F. Guze 
xes are very similar to those used in 
Copper, electrolytic Brazing (gas) Silver solder Bare 500° F. 
5 Brazing (gas) Phos-copper Bare 800-1000° F. stainless steel welding. The same safety 
ft Metallic-arc ECu Sn A Coated or bare 800-1000° F. precautions must be followed in ventilat- 
: g ing welding booths and closed vessels 


— nem = From Table 3, it can be seen that all of 
the previously listed base metals are used 
for electrode core wires and rods, except 
the brasses. Brass rods are never used in 
this manner for electric welding because 
the zine present volatilizes in the arc pro- 
ducing very porous deposits. Brass rods 
are, however, used for brazing with the 
oxyacetylene torch. 

Also, lead bearing copper-base alloys are 
never used as weldrod in carbon-are weld- 
ing or core wires in coated electrodes be- 
cause lead, like zinc, volatilizes readily 
upon remelting, due to its low melting 
point. Lead does not alloy with copper, 
but when present is a mechanical mixture 
unevenly distributed throughout the alloy. 

Taking one alloy group at a time, an 
endeavor will be made to give as briefly as 


possible : 
Fig. 3—Weld-Brazed Bond Between 5% 1. A description of the metal or alloy. : 
Tin Phosphor Bronze Deposit (Top) and 2. The type of weldrod or electrode 
Fig. 2—Structure Fusion Zone Between Cast Iron recommended for use in welding. 
5% Tin Phosphor Bronze Deposit and 3. Some fundamental  arc-welding 
Phosphor Bronze Grade A Plate 


characteristics and recommenda- 
designing arc-welded joints for the copper tions. 
alloys, many difficulties can be avoided in 


These wider grooves are necessary in the welding operations. 


welding copper-base alloys in order to — 

liminate under-cutting of the side walls Copper and Copper-Alloy Electrodes Two types of copper are given in Table 

ind resultant slag entrapments and poros- 4. One form is known as electrolytic, 
'y at the fusion zone, due, of course, to Welding electrodes for use in welding tough-pitch copper and the other is de- 
he lower melting points of the copper- copper and copper alloys are similar in oxidized copper. 

base alloys. composition to the wrought metals dis- Electrolytic, tough-pitch copper is not 
If these few simple rules are followed in cussed previously, Table 3. Minor recommended for joining by means of 


Table 5—Copper-Tin Alloys 
Physical Properties 
—Ultimate Tensile Strength, Psi., Av.— Elongation in 2 In., % Hardness 
Wrought Weld Wrought Weld Brinell (500 Kg.), 
F Alloy Cast (Soft) Metal (Soft) Metal Weld Metal 
proepor bronze (Grade A) 38,000 45,000 40,000 45 15-40* 70- 80 
esha bronze (Grade C) 42,000 55,000 45,000 55 12 80-100 
‘hosphor bronze (Grade D) 45,000 60,000 50,000 60 10 90-110 
silico Welding Methods 
i Phos Welding Process Electrodes and Rods Form Preheat 
losphor bronze (Grade A) Metallic- or carbon-are E Cu Sn-A Coated 300—400° F. 
rlay Bare 
Phosphor bronze (Grade C) Metallic- or carbon-are E Cu Sn-C Coated 300—400° F. 
rlay p Bare 
hosphor bronze (Grade D) Metallic- or carbon-are E Cu Sn-C Coated 400-600° F. 
olay Phosphor bronze D Bare 
Developed by hot peening. 
OBER 1947 
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welding, if strength welds are desired, be- 
cause the dispersed cuprous oxides present 
in the metal upon welding cause embrittle- 
ment of the joint at the fusion zone, result- 
ing in loss of strength to approximately 
one-third that of the base metal. 
Wherever possible, strength joints should 
be made in this metal by soft soldering, 
silver or phos-copper brazing. If strength 
joints are not essential, welding can be 
readily accomplished with coated phosphor 
bronze electrodes using the metallic-arc 
method. 

Deoxidized copper is recommended for 
use in equipment that is to be fabricated 
by welding. This form of copper may be 
deoxidized with either phosphorus or sili- 
con. It is not subject to oxide embrittle- 
ment, and therefore can be satisfactorily 
welded by means of the metallic- or car- 
bon-are methods. Silicon deoxidized cop- 
per is, however, preferred since it has 
greater hot ductility than the phosphorous 
deoxidized type. 

The carbon-arc method of welding 
copper is preferred using a bare silicon 
deoxidized copper filler rod. However, 
if corrosion-resistance is not a_ service 
factor, 4-5% tin phosphor bronze and 
silicon bronze bare rods can be used with 
excellent results. Usually the phosphor 
bronze rod will be selected because of 
color match. 

In the metallic-arc welding of deoxi- 
dized copper, the most common coated 
electrode used in the 5% tin phosphor 
bronze type, because the deposit produced 
more nearly approaches that of copper in 
physical properties and color. Also, 
coated aluminum bronze and _ silicon 
bronze electrodes have been used satis- 
factorily where corrosion is not a factor to 
be considered. 

For welding with either the carbon- or 
metallic-arec methods, high preheats and 
interpass temperatures of around 800 
to 1000° F. must be used and maintained, 
especially on heavy sections due to the high 
thermal conductivity of copper. 

Copper flows sluggishly in the molten 
state. Preheating aids in flowing the 
weld metal more uniformly into the side 
walls of the groove. 

In metallic-arc welding, the largest 
diameter electrode possible should be 
selected and high amperage is required to 
flow the weld metal properly in order to 
avoid under-cutting and the resultant 
slag inclusions. 

Welded joints in copper should not 
be restrained by clamping or cracks will 
develop in the deposit. 


Phosphor Bronzes 


The most commonly known alloys in 
the copper-tin group are the phosphor 
bronzes, Table 5. Phosphorus is used 
as a deoxidizer, therefore the name phos- 
phor bronze. Other alloys in this group 
are gun metal, bell metal and bearing 
bronze. However, this discussion will 
be confined to the welding of the phosphor 
bronzes of low tin content. 

The tin bronzes are used extensively for 
structural shapes where good corrosion 
resistance is required; for steam fittings; 
for bearings operating at low speeds; and 
for worm gears. 

These alloys are subject to internal 


Fig. 4—Rebuilt Grain Drying Press Disk with 5% Tin Phosphor Bronze Deposit 


shrinkage, and cracking may occur if 
parts made from these alloys subjected to 
heavy loads are not properly designed. 
These alloys have a tree-needlelike den- 
dritic structure in ‘castings which tends to 
leave voids between the copper-tin crys- 
tals. However, this inherent, inter-den- 
dritic unsoundness in castings that are 
to be subjected to hydrostatic pressure 
can be corrected by good foundry tech- 
nique, annealing and lead additions to the 


alloy. Lead may also be added to the 


alloy to improve machinability. 

In the past, the phosphor bronzes have 
required very little welding except in 
maintenance and repair work. However, 
recently phosphor bronze Grade A rolled 
plate is beginning to come into use in the 
pressure vessel, food and chemical proc 
essing equipment fields requiring fab 
rication by means of welding. 

The tin bronzes are inclined to be hot 


Fig. 5—Phosphor Bronze Spacer Ring Welded Vertically with 5% Tin, Phosphor 
Bronze Electrode 
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Table 6—Copper-Silicon Alloys 


Physical Properties 


Elongation in 2 In., % Hardness, 
————— Ultimate Tensile Strength, Psi., Av. - - Weld Brinell (500 Kg.), 

Alloy Cast Wrought (Soft) Weld Metal Soft Metal Weld Metal 

Silicon bronzes 40,000-50,000 40,000-60,000 40,000-45,000 75.0-20.0 20 80-100 
Welding Methods 
Welding Process Electrodes and Rods Form Preheat 
Silicon bronzes Carbon-are E Cu Si Bare 60-212° F. 
Metallic-are E Cu Al-A Coated 60-212° F. 
E Cu Si Coated 

short and subject to inter-dendritic shrink- The phosphor bronzes have the ten- the deposit. In either case, the coarse 
age of the low melting constituents re- dency to flow sluggishly, requiring pre- dendritic grain structure obtained as 
quiring rapid welding. Therefore the heats and interpass temperatures of welded is refined, resulting in increased 
metallic-arc method is the most satis- around 400° F. In the low tin composi- strength and ductility. It should be 
factory means of joining these alloys. tions, wide grooves are also recommended observed that as the tin content of the cast 
The 5, 8 and occasionally the 10% tin with higher amperage in order to wash the wrought plates and weld deposits increase 
content phosphor bronze rods are used in side walls properly. the ultimate tensile strength increases. 
the coated or bare forms for the metallic- Either stringer or weave beads may be The tensile strengths of the metallic-arc 
are welding of copper, brass, bronze, and used. However, if maximum strength welded joints compare favorably with 
alloys of iron, such as cast and malleable and ductility are required in the joint, those of the cast and soft wrought plates 
iron, high manganese steels, and other the physical properties of the weld metal Figure 2 shows the structure of a typical 
alloys that are difficult to weld with ferrous can be greatly improved by a post-heat 5% tin phosphor bronze electrode deposit 
electrodes. treatment at 900° F. and hot peening of as welded with the metallic-arc. This isa 


single phase alloy, and the crystals are 
rather large due to rapid cooling. 

Phosphor bronze electrodes are used 
extensively for repair welding of cast iron. 
Figure 3 shows the fusion zone between a 
5% tin, phosphor bronze electrode deposit 
and cast iron. Note the typical weld- 
brazed bond obtained. 

The carbon-arc method is also satis- 
factory for welding the tin bronzes using 
a bare phosphor bronze rod. Like the 
metallic-arc method, the heat is more 
concentrated and contraction strains are 
reduced to a minimum The arc should 
be directed onto the weldrod and not 
against the base plate. 

Figure 4 is a typical overlay application 
using phosphor bronze electrodes and 
shows the rebuilt disk segments on a pulp 
and grain drying press used in breweries, 
distilleries, malt processing plants and 
citrus industries for extracting juices and 
drying grain and citrus pulp. Phorphor 
bronze was used for this particular overlay 
i K for wear- and corrosion-resistant qualities. 

The base metal is a phosphor bronze 
Fig. 6—Test Specimens—Aluminum Bronze Deposit—Silicon Bronze Base Metal Grade A casting. 


Fig. 7—Silicon Bronze Condenser Tube Sheets Welded to Mild Steel Shell Using Aluminum Bronze 
Electrodes 
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Figure 5 shows a vertical groove weld 
in phosphor bronze plate. This bronze 
wear or spacer ring is used between the 
wheel hub and driving box on a loco- 
motive. The spacer ring is split so that it 
can be place over the axle, and then 
welded into place. 


Silicon Bronzes 


The silicon bronzes, such as Olympic, 
Herculoy, Duronze and Everdur, are 
alloys of copper and silicon, Table 6. 
Silicon is the primary hardener along with 
such secondary hardeners as manganese, 
iron and zinc. Ultimate tensile strengths 
and ductility are approximately the same 
as those of the tin bronzes. 

These alloys have excellent physical 
properties in the wrought or rolled form, 
combining high strength with good duc- 
tility. The higher strengths are usually 
developed through additions of alloys 
other than silicon and through heat treat- 
ment. 

The silicon bronzes are probably the 
most widely used of the copper-base alloys 
at the present time for fabricating chem- 
ical processing equipment, sewage disposal 
equipment and similar weldments by arc- 
welding methods. 

Welding is facilitated by the low heat 
conductivity of these alloys. Silicon 
bronzes are, however, extremely hot short. 

Because the silicon bronzes have a 
lower thermal conductivity than the 
other copper-base alloys, more nearly 
approaching that of steel, groove prepara- 
tions are similar to those used in mild 
steel welding. 

The carbon-arc method is usually rec- 
ommended with bare silicon bronze rods for 
groove welding in heavy sections because 
excessive deposit cracking was ustally 
encountered in the past when metallic-arc 
welding with coated silicon bronze elec- 
trodes. However, recent developments 
in the coated electrode field seem to in- 
dicate that entirely satisfactory, crack- 
free welds can now be made consistently 
with coated silicon bronze electrodes. 

Rapid welding is required in welding 
the silicon bronzes because the alloys are 
hot short. Preheating should not be used 
in welding these alloys. 


Fig. 8—Naval Brass Ship Propeller, Key- 
way Repair Welded with Phosphor Bronze 
Electrodes 
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Fig. 9—Mild Steel Flange and Aluminum Bronze Bushing Welded with Aluminum 
Bronze Electrodes 


In carbon-arc welding, hold as short an 
arc as possible with the lowest amperage 
setting to secure good fusion. Overlap 
previous beads '/, in. when starting a new 
bead. Peening of the deposit is also rec- 
ommended to relieve the stresses and 
avoid cracking. 

Coated aluminum bronze electrodes can 
be used for welding the silicon bronzes by 
means of the mietallic-arc method, if 
desired. The aluminum bronze deposits 
are not hot short, and therefore eliminate 
deposit cracking. The deposit tensile 
strength is higher than those obtained with 
silicon bronze electrodes. This type of 
electrode is also used extensively for weld- 
ing silicon bronze to steel. 

Typical weld test specimens made from 
plates of silicon bronze welded with alumi- 
num bronze electrodes are shown in Fig. 
6. Such welded joints in silicon bronze 
bend 180° in the as-welded condition, 
without failure, and deposit cracking is 
not encountered during the welding opera- 
tions, 

A typical example of the use of silicon 
bronze in industry is the condenser shown 
in Fig. 7. The shell is made of mild steel 
and the tubes and tube sheets are made of 
silicon bronze. The tubes are rolled into 
the tube sheets in the conventional man- 
ner. However, the tube sheet is metallic- 
arc welded to the mild steel shell with 
aluminum bronze electrodes to avoid ex- 
cessive weld cracking in fabrication, and 
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provide a leak-proof joint upon hydro 
static testing. This is an excellent et 
ample of dissimilar metal welding with 
bronze electrodes. 


Brasses 


The copper-zinc alloys are known 4 
brasses, Table 7. Some of these alloys 
are called bronzes; for example, mangane 
bronze. However, this name is a m> 
nomer, 

Only the very high zinc brasses will ) 
discussed, since this group is the one mo- 
widely used and welded. Typical hugh 
zine brasses are manganese bronze, Nav" 
Brass and Muntz metal. 

These alloys have high strength, 50% 
ductility and good corrosion resistatve ® 
cast. They are good cheap alloys for s& 
eral use. 

The welding of these alloys 
more difficult than the other copper ba* 
alloys due to the high zine content. /™ 
zinc volatilizes readily upon heating to the 
welding temperatures. 

Due to the high zinc conte!', and tne 
low melting points of the brasses, these 
alloys are limited in use as brazing rods - 
oxyacetylene welding. Som work has 


a little 


been done in the past to develop a coale’ 
electrode using brass as a core WI but 
with little success. Coated brass" 
deposits are very porous duc '0 the ee 
volatilization. The bare wires are "™ 
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extensively for the brazing of all metals 
having a higher melting point than the 
brasses. 

For the metallic-arc welding of the 
brasses, two coated electrodes are recom- 
mended for use—the 5% tin phosphor 
bronze and the aluminum bronze 
trodes 

The phosphor bronze electrode is used 
for welding the low strength alloys, such 
as Naval Brass. The deposit physical 
properties are comparable to those of the 
brass base metal. 

For welding the higher strength brasses 
like manganese bronze, the only electrodes 
that will produce comparable physical 
properties are the aluminum bronzes. 
The aluminum bronzes also provide an 
excellent color match. 

Although relatively high preheats are 
essential (400 to 800° F.) in are welding the 
brasses, they are usually lower than those 
required in oxyacetylene welding. High 
umperage must also be used in welding the 
brasses in order to flow the weld metal 
uniformly into the side walls of the wide 
grooves recommended. 

In Table 7 excellent average, all-weld 
metal physical properties, obtained from 
aluminum bronze electrode deposits in 
manganese bronze base plates by the 
metallic-are method, will be observed, 

In metallic-are welding with aluminum 
bronze electrodes, a small puddle of weld 
metal must be started at one point playing 
the arc on the deposit and progressing 

lowly. In this manner, a brazing action 


elec- 


Alloy 
Aluminum bronzes 


Cast 
70,000-120,000 


Aluminum Bronze 


Grade 

1 Al 5 
Fe 0 

: Al 9. 

Fe 3. 

Al 11. 
Fe 3. 

Al 12. 

: Fe 3 
Al 13. 
Fe 4. 


1947 


——Ultimate Tensile Strength, Psi., Av.——— 


Cc 


60,000-110,000° 


M 
M 


Table 8—Copper-Aluminum-Iron Alloys 


Table 7—Copper-Zinc Alloys 
Physical Properties 


Elongation in 2 In., “ 


Wrought Weld 
ast Wrought (Soft) Weld Metal (Soft) Metal 
50,000-65,000 30,000-70,000 50-25 5-20 
Welding Methods 
Welding Process Electrodes and Rods Form Preheat 


etallic- or Carbon-are 
E Cu Sn-C 


etallic- or Carbon-are E Cu Al-A 


is obtained, and the zine losses are held 
to a minimum. This special technique 
is not required when welding the low 
strength brasses with a phosphor bronze 
electrode. 

A good example of brass welding is il- 
lustrated in Fig. 8. This shows a large 
Naval Brass ship propeller. The keyway 
was worn excessively, and had to be re- 
paired. Phosphor bronze electrodes were 
used to weld the worn keyway, and an- 
other one was cut on the opposite side of 
the propeller. 


Aluminum Bronze 


The aluminum bronzes, such as Ampco 
Metal, are alloys of copper, aluminum 
and iron, Table 8. Some compositions 
have additions of nickel, manganese and 
occasionally tin. 

Aluminum bronze electrodes, in the 
low aluminum grades, are the best quali- 
fied of all the high strength bronzes for 
many diversified welding applications 
because the deposits are not hot short. 
That is, they have exceptionally good hot 
strength and hot ductility. The alloys 
are dense and do not contain elements that 
volatilize in the arc causing porosity and 
loss of strength in the welded joints. 

The aluminum bronzes are analogous 
in the copper-base alloy field to the low- 
alloy, high-tensile strength steels devel- 
oped for weldability in the iron-base alloy 
field. They are also comparable in the 


Physical Properties 


Ultimate Tensile Strength, Psi., Av. - 


Wrought (Soft) 
60,000-85,000 


Weld Metal 
70,000-90,000 


Welding Methods 


Chemical Composition 
(Plus Copper) 


Welding Process 


0 -10.0 Metallic or 
3.25 Carbon-arc 

6 -11.0 Same 

4.25 

4 -12.2 Same 

25- 4.5 

6 -13.4 Same 

5 - 5.0 

7 -14.4 Same 

0 — 5.25 


COPPER AND COPPER-BASE ALLOYS 


E Cu Sn-A or 


Coated or bare 400-800° F. 


Coated 400-800° F 


copper-base field to the stainless steels in 
corrosion resistant values. 

Aluminum bronze electrodes are sup- 
plied in the coated form only for metallic- 
and carbon-are welding. These electrodes 
are even more versatile in recommended 
uses than the phosphor bronze electrodes, 
since they produce deposits of much 
higher values with regard to tensile 
strength, yield, hardness, wear- and cor- 
rosion-resistance—and the deposits are 
not hot short. 

Five grades of aluminum bronze elec- 
trodes are available, varying in aluminum 
and iron content and deposit hardness for 
welding aluminum bronzes from 120 to 
300 Brinell. 

In addition to their use in joining the 
various grades of aluminum bronzes, the 
softer grades are used for joining dissimilar 
metals, ferrous-, nickel- and other copper- 
base alloys. 

It should be observed in Table 8 that 
all-weld metal physical properties are 
equivalent to those of similar grades of 
aluminum bronze base metals 

An ideal example of dissimilar metal 
welding with aluminum bronze electrodes 
is the flanged bushing, Fig. 9, fabricated 
from aluminum bronze and mild steel 

A typical aluminum bronze joining ap 
plication is the Venturi tubes illustrated 
in Fig. 10 and fabricated from plate and 
centrifugal castings using the carbon-are 
process. 

Groove welding technique is similar to 
that used in steel welding. A preheat of 


Elongation in 2 In., “; 


Wrought Weld 
(Soft) Metal 
45-5 95-0 .5 
Electrodes and Rods* Preheat 


E Cu Al-A 250- 350° F. 


E Cu Al-B 250- 450° F. 


E Cu AI-C 250- 450° F, 


E Cu Al-D 800-1000° F. 


E Cu AI-E 800-—1000° F. 
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Fig. 10—Venturi Tubes Fabricated from 
Aluminum Bronze Rolled Plate and Cen- 
trifugal Castings 


200 to 300° F. is essential in welding 
heavy sections. Unlike most other cop- 
per-base alloys, either weave or stringer 
beads may be used with equal success in 
metallic-arc welding. Also bead thick- 
ness seems to have little effect upon the 
resultant deposit physical properties. 

For carbon-arc welding, the technique 
is also similar to that used in joining other 
alloys or metals except for the use of a 
coated filler rod which is necessary in alu- 
minum bronze welding. 

All five grades of aluminum bronze 
electrodes are used for bearing surface 
overlays. For such applications, the 
electrode is selected having a deposit 
hardness 50 to 75 points Brinell lower than 
the mating material. Many of these 
electrodes are used for wear- and corrosion- 
resistant overlays. 

For example, the Navy ventilator valve 
body, Fig. 11, was fabricated from '/s- to 
5/1s-in. mild steel plate and galvanized to 
resist salt water corrosion. The valve 
faces and seats were, however, overlayed 
with aluminum bronze weld deposit to 
resist wear, erosion and salt water cor- 
rosion. 

A typical wear-resisting overlay ap- 
plication is the arbor shoe, Fig. 12, used 
in a large pipe mill. Aluminum bronze 
and aluminum bronze welded overlays 
for repair and maintenance prove satis- 
factory because of excellent wear-resist- 
ance in metal to metal contact, the high 
strength of the alloy and the fact that the 
alloy will not score or mark the finished 
product. 

Generally, bronze electrodes are used 
to overlay carbon steel and cast iron sur- 
faces although in many instances worn 
copper-base alloy wear surfaces are repair 
welded. In overlaying iron-base metals, 
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Fig. 12—Pipe Mill Arbor Shoe Overlayed with Aluminum Bronze for Wear Resistance 
—As Worn (Top), Welded (Center), Machined (Bottom) 


the use of a wide, fast weave technique 
at medium amperage is recommended in 
order to minimize base metal dilution in 
applying the initial layer. For successive 
layers, the amperage may be increased 
for more rapid deposition with the weave 
bead technique. Where perfectly dense 
deposits are required in die welding, the 
carbon-are method of deposition is pre- 
ferred to the mietallic-arc method. 


Summary 


Within recent years as the result of war- 
time usage, research and development 
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work in copper-base alloy welding and« lec 
trodes has assumed increasing importan 
to industry in general and gr atly & 
panded the use of peacetime are wel“ 
in this field. ; 

Where prewar usage of copper? 
alloy electrodes was primarily for ™4" 
tenance and repair, it is now )ecom's 
apparent that production fabrication # 
overlay applications are rapidly 
as industry becomes more familia: with the 
alloys. 

The arc welding of copper-! 
presents few difficulties that 
overcome through having 4" 
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knowledge of the composition of the metal 
or alloy to be welded, its inherent metal- 


lurgical characteristics together with 
proper joint preparation, preheat and weld- 
ing technique required for the specific base 
metal composition. 

The copper-base alloys have lower melt- 
ing points, higher thermal conductivities, 
higher coefficients of thermal expansion 
and the molten metal is more fluid 


than the iron-base alloys at arc-welding 
temperatures. 

Therefore, generally, wider grooves and 
root spacings are used together with a 
faster rate of travel. Also, with the ex- 
ception of brass, as the alloy becomes more 
rich in copper, higher amperage and pre- 
heats are required for increasing plate 
thickness. 


Although the information contained in 
this paper regarding the arc welding of 
copper and copper-base alloys is far from 
complete in view of the large number of 
alloys available, it has provided some 
basic, fundamental principles involved 
and deposit physical property data that 
may be helpful in stimulating additional 
research and development efforts in this 
field of welding. 


The Maintenance Weldery 


By Cleo E. Hookt 


Introduction 


would take $20,000 worth of equipment to handle 

the types of work he could get to do, and if he had the 
$20,000 to invest in a shop, he wouldn't need the shop— 
he'd have enough money without it. 

Undoubtedly, a lot of manufacturers feel the same 
way about equipping the maintenance weldery, for while 
it requires only a small fraction of the $20,000 the 
fellow in the story needed, the outlay for materials, 
equipment, floor space, etc., is somewhat greater than 
that required for certain other types of work, such as 
carpentery, plumbing, sheet metal maintenance, etc. 
However, the vast variety of services rendered by the 
maintenance weldery, when properly staffed and tied 
in with process engineering, tooling, efficiency and 
actual production work, far more than compensates 
for the actual outlay in financing and operating the 
maintenance weldery. 

While I have based the contents of this paper on 
actual experience and observation in maintenance and 
maintenance welding problems, for several years 
operating a maintenance weldery (though it held no 
such dignified title), I do not wish to mislead anyone in- 
to thinking that we now have such a shop actually set 
up and operating as is set out in this paper. While I 
have actually experienced everything mentioned in this 
paper at some time or other in the last thirteen years, 
there is no plant to my knowledge in which such a setup 
is Maintained in exactly the manner described herein. 
Also for the mutual protection of both my employers 
and myself, we want it understood that those things 
stated herein are not necessarily the opinions of my com- 
pany nor hold their official sanction, though they were 
glad that one of their men should be accorded the honor 
of speaking to you on this subject this afternoon. 


J wou heard the owner of a job shop say that it 


History 


When we set up our first maintenance weldery, we 
(no such thing in mind as I speak of here. My boss, 


week of Oct Annual Meeting, A.W.S., Chicago, Illinois, 


 Noblitt-Sparks Industries, Inc., Columbus, Indiana. 


the efficiency engineer and I cleaned out the 20 ft. x 30 ft. 
brick room next to the boiler room of the old furniture 
factory in which our company had set up their Seymour 
muffler plant (where they at one time reached a maxi- 
mum speed of 600 mufflers per hour on one line) and put 
in an ancient hundred-amp. d.-c. welding generator and 
a work bench on a dirt floor. In this room, where we 
gradually added equipment as we could salvage it from 
the junk pile (along with a good cutting and welding 
torch), we built conveyors, bins, chutes, tables, special 
trucks, all sorts of parts-handling equipment and gad- 
gets to make production work easier and more efficient. 
Practically everything we built was made of materials dis- 
carded from the dismantled furniture factory equipment 
and the sheet steel used in regular production work. 
Two of us (myself and a helper) built whatever we needed 
along these lines (even to constructing an arc welder of 
salvage materials when a carbon arc job could not be 
kept running with the then conventional equipment). 

In addition to the above services rendered to the 
plant, we also took care of the excessive number of 
breakdowns that usually occur when a new type of work 
is started with operating and supervisory personnel not 
entirely accustomed to that sort of thing. These break- 
downs were fractured and crushed die inserts, broken 
punch press frames and cranks, galled wedge blocks, 
worn forming dies, and even a few broken flywheel 
spokes and bull gears. We became accustomed to 
“dental work’’ on large gears, building them up with low 
fuming bronze to approximate shape, and “running 
them through”’ while still almost red-hot. We developed 
a technique of punch press crankshaft welding by 
which we did not remove the shaft from the press, even 
for finish machining. While we had never heard of 
carbon arc cutting of cast iron, we developed a tech- 
nique of preparing large castings for bronze welding at 
a speed and ease which to my knowledge has never been 
equaled by any other method. In short, we learned 
maintenance welding the hard way. Necessity was 
the mother of invention. We learned how to do things 
without elaborate expensive equipment, and the results 
we obtained more than justified the use of these methods. 
Many of these methods have been described in detail 
in a national welding magazine?, and need not be taken 
up here. 


t “Bennie the Welder,” [ndusiry & Welding, 1938 to 1941 
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Organizational Setup 


The proper relationship of the maintenance weldery 
‘to the rest of the plant organization is very important 
if the weldery is to do its best work. The weldery 
should be supervised by a man of wide practical as well 
as theoretical background who works directly for the 
highest executive in the organization with the authority 
to ‘‘free lance’’ wherever he may see fit in his efforts to 
determine the best and most economical way to attain 
the results he hopes to accomplish. He should have 
the right to consult with the efficiency engineer, the proc- 
ess engineer, the tool-room or maintenance foreman, 
the big boss or the line operator with equal impunity. 
He should have the right to go into any section of the 
shop or office at any reasonable time without question. 
He must have available the cooperation (but net the 
authority) of every supervisory or engineering person in 
the entire organization. Petty jealousies and red tape 
must not enter into his relationships with those around 
him. He must have equally the right to say to the pur- 
chasing agent ‘‘Call this in rush’ or to the straw boss 
who insists on riding his own hobby, ‘‘No, I'll have to 
do it this way”’ if the way is the one agreed on by those 
in charge. He must be a coordinator of ideas with the 
the right in the last analysis to do his job the cheapest 
way consistent with quality. He must be a practical 
engineer who first of all knows welding, then machine 
construction, production methods, tool-room practice, 
maintenance and installation methods, a man with a 
vivid imagination and the ability to temper that im- 
agination with the limitations of sound judgement— 
“common sense.’’ At all times he must remember that 


he is responsible to the ‘“‘man up top side’ and be cer- 
tain he has the best solution under the circumstances for 
any problem before he starts construction or repair. 


You may well say, ‘““‘Where will we find such a man?” 
More than likely you already have some maintenance 
welder who can head such a weldery. He need not be a 
college graduate. A man with a thorough knowledge of 
physics and shop practice can acquire the rest if he is 
naturally adapted to job weldery and machine con- 
struction technique. 


Equipment Setup 


You probably also have the equipment for your main- 
tenance weldery available somewhere around the shop. 
In a plant the size of the one I spoke of at the beginning 
there are usually several arc welders around that for 
some reason or other are out of production. Give an 
old are-welding machine to a maintenance welder and 
even though it may have no meters and may lack a po- 
larity switch, he will ‘‘fix it up’’ to his own satisfaction 
and have, in his estimation, the ‘“‘best welder in the shop.”’ 
I’ve seen it happen several times. A couple of welders, 
a 100- or 150-amp., and a 400-amp. d.-c. (with a little 
a.-c. transformer if 3-phase distribution over the plant is 
poor) will take care of the arc machine needs. A heavy- 
duty oxyacetylene portable torch outfit with cutting at- 
tachment and 50 feet of */,.-inch twin hose, and an air- 
plane type small torch will take care of most needs, though 
if there is much cutting to do, a second portable outfit may 
be required. The rest of the equipment may consist of 
benches (one brick top and one !/9-in.- thick steel plate 
top), tool bench, two vises (one heavy-duty on steel 
bench for hot bending, etc.), a small 100- or 200-Ib. 
positioner, 6-in. electric hand grinder with bench mount, 
two '/,-ton differential hoists with suitable overhead 
tram ways, cables, electrode holders, chains and hand 
tools. Sometimes a sort of a stock room for angle iron, 


pipe, and large steel bars and plates for the tool room is 
is kept within reach of the cutting hose. 

It is usually advantageous to locate the tool room, 
the maintenance shop, and the maintenance weldery near 
each other in some central location in the shop. If a 
shed area is available for building objects too large for 
the room, as many as three maintenance welders can 
can work in a 20- x 30-ft. room without too much 
crowding, though the room size cannot be much smaller 
than that because of the objects that are built and re. 
paired in the room. 

A word about safety: As everyone connected with 
welding knows, the rays of the arc can give a very bad 
burn to both skin and eyes if they are sufficiently ex- 
posed. The room should be arranged with drop cur- 
tains between operators (better .than screens) and a 
lightproof, fireproof, nonreflecting wall entirely surround. 
ing it. Booths are an obstruction and a nuisance in a 
maintenance weldery and are not at all satifactory for 
job work. Enough ventilation must be provided to 
keep the fume concentration down to a nonhazardous 
minimum. While I have never seen it done, I have al- 
ways felt that a welding room could be exhausted from 
floor level in the same manner in which we used a grill- 
work table top on a production job and exhausted the 
job through a suction pan and duct lying under the 
grill. 

Various other things will suggest themselves to the 
man setting up such a shop, such as water- and oil-cooling 
tanks, lime and charcoal box, electrode and rod storage 
cabinet, etc. All these can be left to the welder’s in- 
genuity and supplied as he needs them. Asa rule, scrap 
accumulates rapidly in the weldery, so a junk pile for 
source and discard of salvage materials should be situ- 
ated not too far away. 


Accounting Setup 


Concerning charging off wages and overhead to the 
various departments, I personally feel that too much em- 
phasis has been placed by many companies on the mat- 
ter of accounting for the distribution of shop costs 
Some use a flat percentage figure based on man-hours 
chargeable to the job. This is not an entirely fair way oi 
charging maintenance welding expense, for welders oitet 
use many times the amount of their wages in welding rod 
and material, while at other times they may weld all 
day on 50 cents’ worth of rod. I believe that the actual 
or approximate amounts of gases, welding rod and time 
can be turned in to the timekeeper, who in turn, on col- 
sulting charts and adding a percentage to the actual 
cost of materials (power need not be counted), charges 
the job on a job basis against either the department, tli 
product or the fund for which the job was done. 

Concerning the charging off of wages and overhead 
various departments served or products produced, | 
also feel that too much emphasis has been places " 
some instances on the matter of the distribution 0! cos’ 
in tool room, maintenance department and maintenasc 
weldery. While it is entirely possible to accurate!) 
charge off the labor and materials on a die or special |¥$ 
for a very specialized production job, along with at & 
timated proportion of the overhead, it is am entirely 
different matter to fairly charge a particular product 
department with, say, the repairs on a broken puncl 
press frame or fractured crankshaft that may have been! 
progressively failing for perhaps several years 11 a"! 
different jobs. Likewise, it would be equally unfair 1 
charge the entire cost of a plating tank or parts convey" 
to the particular item to be plated or conveyed, unless - 
were to be used continuously for millions of items on ™ 
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saine job to which it was charged. While under average 
conditions I do not know of any entirely fair way of dis- 
tributing costs, it seems to me that it would be well for 
the same sort of a purchase order and credit transfer to 
be used to pay for objects built in the maintenance weld- 
ery as is used for those built outside. Time spent in the 
repair end of the weldery could be chargeable to job.or 
department on a labor and material plus overhead basis, 
but even then it would seem to me that the overhead on 
a 400-amp. are welder should be greater per hour than, 
ior instance, on an airplane type oxyacetylene torch. 
Then, too, excessive clerical and accounting costs can 
quickly reduce the savings and profits ordinarily ob- 
tained through the use of a company-owned maintenance 
weldery over the outside job shop type of service used by 
many companies who have not as yet established their 
maintenance weldery or are doing a haphazard welding 
job in tool room or general maintenance shop by unskilled, 
nonqualified weldors. 

It has also come to my attention at different times 
that some sort of credit recognition should be kept for 
the savings in down time, delivery time, material and 
supply costs, labor, etc., which ordinarily are very out- 
standing in the maintenance weldery. 

I remember a specific instance where under such a 
setup there would have been accredited to a two-man 
maintenance weldery in an automotive muffler plant 
$10,000 in production man-hours in a year’s time which 
they effected using only a very small portion of their 
time in building bins, chutes, conveyors and other parts- 
handling and: labor-saving equipment from scrap ma- 
terials and production sheet steel. As it was, there was 
no credit given the weldery and at the end of the year 
its work was combined with the tool room and its per- 
sonnel diverted into other channels. It is interesting to 


note that where the plant made a tremendous gain during 
that year (1937), the same plant with approximately the 
same business was reputed to have lost almost the same 
amount the following year (1988), which can be almost 
entirely traceable to added man power tequired to offset 
changed operating methods due to the rearrangement and 
obsolescence of much of this same parts-handling equip- 
ment built in this weldery which was nodonger funetion- 
ing. 
At a later date, I had the opportunity to head a small 
maintenance weldery, where we constructed paint racks, 
trucks and parts-handling equipment, besides taking 
care of breakdown and tool and die welding. Here 
again, an efficient system of accrediting savings to their 
source (the weldery) would undoubtedly have enlarged 
the scope of usefulness of the maintenance weldery in 
that shop. 

While it has been impossible to point out all advan- 
tages of the maintenance weldery over outside job shop 
service for the same work, possibly the most outstanding 
advantage to the manufacturer is his ability to get what 
he wants when he wants it, instead of taking what he can 
get whenever someone can get it, for him as it has been 
in the past few years. Then, too, the conversion of 
junk to machinery with welding and Yankee ingenuity 
is another marked advantage, especially in these days of 
shortages when deliveries may be delayed for weeks on 
some item for lack of parts, when the maintenance welder 
who knows his job can usually substitute something 
that is available to do the job, many times even better 
than that of the original design. 

It is obvious that the principles of welding mixed with 
common sense can save most manufacturers many times 
their cost each year in a maintenance weldery, organized 
somewhat along the above lines. 
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Flame Hardening Locomotive Brake 
and Spring Rigging Pins and Bushings 


By B. W. Covellt 


N PREPARING this paper on flame hardening, what 
I have to say is based only upon my practical experience 
and observations. 
Flame hardening, which is a simplified process of sur- 
face hardening steel, is rapidly increasing in a number of 
uses for wearing parts on locomotives and cars in the rail- 
road industry. Through the introduction of this proc- 
ess, it was learned that parts susceptible to severe wear 
could be hardened along the wearing surfaces, thereby 
extending the service life materially, and reducing round- 
house repairs and replacements. 
First experimental flame hardening on the Northern 
Pacific Railroad was confined to parts with flat surfaces, 
such as crosshead guides, chaffing castings, equalizers 
and saddles. Figure | illustrates the hardening of cross- 
head guides. 
Later, links, coach journal box pedestal ways, gear 
rack teeth, gear teeth, etc., were included. Figures 2 
and 3 illustrate hardening of the inside and exterior sur- 
faces of a link. £ 
The latest and yet somewhat in the experimental stage, viving 
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is flame hardening locomotive brake and spring riggilif Pe. 
pins and bushings. Figure 4 shows the hardening 0! 
pin. 

Satisfactory flame hardening of steel pins and bust a 
ings requires: 


lene, 

1. Correct quality of material. Equip 

2. Proper flame-hardening equipment. Att 

3. A properly trained operator. 

“id not 

lore, ir 

These 

Quality of Material B cast-br 

the heg 
body. 


Based upon our experience and tests, the best — 
with flame hardening of steel are obtained with S.A* 
1040-1060 steel. 

Since we have done very little experimental {a 3 
hardening of alloy steels, we cannot comment on the Hi py, 
of such material. Calle 

The material used for flame-hardened pins and 0% BBS sists oj 
ings is within the range of 1045-1055 steel, and pem™ the flay 

Fig. 1—Flame Hardening Crosshead Guide quenching within the wide range of 1470 to 1670 F. harden 
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Fig. 3—Flame Hardening Exterior Surface of Link 


Required Flame-Hardening Equipment 


|. An ordinary motor-driven engine lathe capable of 
viving carriage speeds from 5 to 10 in. per minute. 

2. A three-jaw and four-jaw self-centering chuck to 
permit handling hexagon, square and round stock to be 
hardened. 

3. A jig mounted on the lathe bed consisting of a set 
of rollers, driven from the head stock for rotating the 
bushings. 


4. A support mounted on the lathe carriage for hold- 


| ing the torches and water jets. This item permits cen- 


tering the tips around pins and inside of the bushings. 
). Oxyacetylene apparatus consisting of: 


Oxygen regulators (high capacity). 
Acetylene regulators (high capacity). 
Flame-hardening torches (water cooled). 
“Lever type valve blocks. 
90° torch mixer extensions. 
~Required lengths of hose for both oxygen and acety- 
lene. Torch tips for various size pins and bushings. 
Equipment is shown in Fig. 5. 


At the time we started experimental flame hardening 
0! pis and bushings, manufacturers of such equipment 
did not have anything to offer in the line of tips. There- 
ore, in order to get started we had to make our own tips. 

hese were made from scrap cutting tips, mounted in a 


s ‘ast-bronze body. In order to harden the pins close to 


the head, the tips were set at an angle of 30° to the bronze 


, ody. This arrangement is shown in Fig. 6. 


Flame-Hardening Process 


The process used for hardening both pins and bushings 


, called the “progressive spinning method.” This con- 
p 'Sts of revolving the parts from 250 to 300 rpm., while 


3 Mi and quenching medium pass over the area to be 
;“tdened. Revolving the parts gives an equal distribu- 


tion of heat, thereby insuring uniform depth and degree 
of hardness. 

_ The flame-hardening tips encircle the pins and are de- 
signed to pass both flame and quenching medium. No 
auxiliary quench is required if the quench is sufficient to 
immediately chill the part being hardened. Insufficient 
quenching will reduce the actual hardness of the exte- 
rior surface of the pins. 

Flame hardening a pin is shown in Figs. 7 and 8. 

The lathe is equipped with an adjustable gage for 
centering the opposite end of the pin from the chuck. 
After setting for one pin dimension, no further centering 
is required until different sizes of pins are to be hardened. 

A lathe carriage speed of 6 '/2 in. per minute was used 
with carriage traveling away from the head. Only 
sufficient water is used to keep the tips cool until the criti- 
cal temperature of the pin is reached, then the lathe car- 
riage is put in motion and the valve controlling the 
quenching medium is opened. 

Bushings are revolved on rollers driven from the lathe 
head. A longitudinal speed adjusted to 6'/, in. per 
minute is used with the carriage traveling toward the 
lathe head. Due to the thinness of bushings, an auxil- 
iary quench cooling the external area is required to avoid 
hardening the entire wall thickness. Figure 9 illustrates 
method of flame hardening. 

A ratio of approximately 1.7 oxygen to 1.0 acetylene 
gives the best heating results, producing a slightly oxidiz- 
ing flame of approximately 6000° F. After this setting 
is obtained, it is further controlled from the valve block. 


Skilled Operator 


Operators for all classes of flame hardening should be 
skilled, and under the direct supervision of someone with 
knowledge of flame hardening. 

Operators must be thoroughly familiar with proper 
manipulation and maintenance of oxyacetylene equip- 
ment and the instructions covering the use of such equip- 
ment. 

Proper regulation of oxyacetylene flame and quench- 
ing medium for satisfactory flame hardening is most es- 
sential. 

The operator should have a good knowledge of the 
quality of steel being hardened, the proper time cycle re- 
quired for heating and a good judgment of surface tem- 
peratures. It is most important to avoid over or insuffi- 
cient heating. Judging temperature by color under the 
torch flame is difficult and deceiving on account of the 
glare. Frequent hardness readings should be made to 
insure uniform results. 


Laboratory Test of Pins 


Comparable tests of flame-hardened and case-hardened 
pins were made; the case-hardened pins were treated by 
the pack-hardening process. 

The number of coupons and tests results are as follows: 

3 Bars, 2 X 10 in., S.A.E. 1045 steel, machine finished, 

flame hardened. 

3 Bars, 2 X 10 in., S.A.E. 1045 steel, as rolled, flame 

hardened. 

3 Bars, 2 X 10 in., S.A.E. 1020 steel, machine finished, 

case hardened. 


Steel Analyses 


Pack-hardened bars: 
Carbon, ©%%—0.24 
Manganese, “)—0.45 


Flame-hardened bars: 
Carbon, %—0.47 
Manganese, “%j—0.73 
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Fig. 4—Flame Hardening a Pin Fig. 5—Equipment or Flame Hardening Pins 


Fig. 8—Flame Hardening Pin. Side View Fig. 9-Flame Hardening a Bushing 


THE WELDING JOURNAL 


ra 
eet Fig. 6—Tip Arrangement for Pins Fig. 7—Flame Hardening Pin. End View 
tinh 
«3 
Tig. ] 
920 


. 10—Crushing Bushing for Deflection Data 


Case Depth of Flame Hardened Pin 


Fig. 11 


Fig. 12—-Case Depth of Flame Hardened Bushing 


Fig. 13 Pearlite Structure of Bushing 
Material 
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Fig. 14—-Material Structure Change in 
Hardened Area Metal 


Hardness, five reading average: 
Flame-hardened, machined bars, Rockwell ‘‘C”’ 
Brinell 567. 
Flame-hardened, bars as rolled, Rockwell “‘C’’ 52, 
Brinell 534. 
Case-hardened, bars machined, Rockwell “C’’ 56, 
Brinell 578. 


DY, 


Average depth of hardness: 
Flame-hardened machined bars, 7/64 in. 
Flame-hardened bars as rolled, 7/4 in. 
Case-hardened, machined bars, */¢, in. 
The depth of hardening was greater in the case of the 
flame-hardened bars. Case depth of flame-hardened pin 
sections is shown in Fig. 11. 


Laboratory Test of Bushings 


Comparable tests of flame hardening and pack case 
hardening bushings were made and the results can be 
summarized as follows: 


4 Bushings, 2 x 2'/) x 3 in. flame hardened internally. 
4 Bushings, 2 x 2'/) x 3 in. pack hardened. 
Steel Analyses 


Pack-hardened steel: 
Carbon, “,—0.22 
Manganese, 


Flame-hardened steel: 
Carbon, “)—0.51 
Manganese, 


Micrometer readings before and after hardening 
showed a 0.003-in. average shrinkage on all specimens 
with no noticeable distortion. 


Crushing Test 


Average deflection under load in inches: 

Flame-hardened bushings at 5000 Ib. pressure de- 
flected 0.012 in.; at 10,000 Ib. deflected 0.026 in.: failed 
at 12,025 lb. with 0.044-in. deflection. 

Case-hardened bushings at 5000 lb. pressure deflected 
0.012-in.; at 10,000 Ib. deflected 0.024 in.; failed at 
14,630 Ib. with 0.040-in. deflection. 

Crushing a bushing is illustrated in Fig. 10. 


Fig. 15—-Martensitic Structure in Hardened 
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Hardness average, 12 readings per bushing: 


Rockwell ‘‘C,’’ 62 average 
Rockwell ‘‘C,”’ 65 average 


Flame hardened 
Case hardened 


Depth of Case: 


Flame hardened 
Pack hardened 


Case depth, 0.060 in. 
Case depth, 0.050 in. 


Case depth of flame-hardened bushing sections is 
shown in Fig. 12. 

The flame-hardened bushings showed a more uniform 
hardened surface, the readings varying but four points. 
The hardness varied considerably on the pack-hardened 
bushings and the three highest reading averages per 
quarter section of the bushing tested were taken. 

You will also notice, in comparing the hardness Rock- 


used in the pins with the Rockwell ‘‘C’’ 62 from a steel of 
carbon content 0.51% as used in the bushing, that the 
carbon percentage is essential if a given hardness is to be 
obtained. 

The three following illustrations show the steel struc- 
ture of a flame-hardened bushing in the normal-and flame 
hardened stage: 

Figure 13 shows the structure of the normal metal con- 
sisting of pearlite with free ferrite in the grain boundaries. 

Figure 14 shows line of demarcation between the soft 
normal metal consisting of pearlite with free ferrite in 
the grain boundaries, and the flame-hardened metal 
consisting of martensite. 

Figure 15 shows the martensitic structure of the flame- 
hardened metal. 


Advantages of Flame Hardening 


The most important advantage is the time saved }y 
flame hardening as compared with pack hardening fo; 
small quantities of parts. With pack hardening regard. 
less of a partial or full furnace charge, the carburizing 
time is the same and, where only one shift is employed 
requires about three days, one for packing, one for car 
burizing and the third for heat treating. With flan, 
hardening, pins can be hardened in from three to fiy 
minutes each and the average bushing in about two min 
utes. For large quantities, the time period would 
more equal. 

Other flame-hardening advantages deserving considera 
tion are: 


1. Controlled hardness penetration ranging from 
to '/4-in. 

2. Brinell hardness as desired. 

3. Localized hardness. 


The controlled hardness penetration is governed }y 
the progressive torch speed, the Brinell hardness by th 
carbon content in the steel used, and the localized hari 
ness by hardening only the area of the part subject 1 
wear. 

As mentioned at the beginning of the subject, this proc 
ess of hardening locomotive pins and bushings is som 
what in the experimental stage. At the present time w 
have six locomotive equipped with flame-hardened brak 
and spring rigging pins undergoing service tests. Due 
to the short period of time since the application, it \s 
impossible to give a service report. To date only ex 
perimental laboratory tests have been made with bush 
ings. 


Comment on article 
by R. E. Cecil 
(Continued from page 906) 


would make possible the application of 375 psi. pressure. 

This regulation, allowing an operating pressure of one 
and one-fourth times the rating of the tank, is the basis 
under which Dr. Martel of California Institute of 
Technology figured comparative stresses in I.C.C. and 
A.P.I.-A.S.M.E. vessels. 

Dr. Martel’s comparison of the I.C.C. formula with the 
A.P.I.-A.S.M.E. formula for stresses in the shell plates 
is on record in the Transcript of Public Hearings for 
Proposed Revision of California State Liquefied Pe- 
trolem Gases—Safety Orders. The hearings were held 
in Los Angeles Aug. 6 and 7, 1946. 

As Mr. Cecil says, of course, the A.P.I.-A.S.M.E. 
vessels with a shell seam are necessarily heavier in the 
eyes of the law inasmuch as no welded seam is recog- 
nized by the A.P.I.-A.S.M.E. code as being as strong as 
the shell itself. He goes on to say that liquefied pe- 
troleum gas is noncorrosive so that no added wall thick- 
ness is required on that score. He does not mention that 
corrosion on the outside of the container can be a very 
definite safety factor where containers are used for 
domestic storage and therefore not subject to periodic 
inspection and frequently used without proper precau- 
tion as to being off the ground and protected against 
exterior corrosion. 

Then Mr. Cecil gives a tabulation for minimum shell 
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thicknesses on 14!/, in. I.D. I.C.C. 4B240, which he 
classifies as for 240 psi. and the same diameter A.P.1- 
A.S.M.E. and A.S.M.E. U201 psi. vessels. This tabula: 
tion, of course, shows a very small difference in the 
thickness of the I.C.C. vessel as compared with the others 
Again, however, Mr. Cecil has failed to mention the /act 
that the customary safety valve setting on the ICC. 
vessel is 375 psi. while the other two codes specifically 
require a maximum setting of 240 psi. 

The whole discussion by the California Liquefied Pe 
troleum Gas Tank Manufacturers at the public heanmg 
Aug. 6, 1946, mentioned by Mr. Cecil, was based on@ 
compararison of safety of the codes. As long as the 
I.C.C. containers can and do have their safety relié 
valves set at 156% of the so-called working pressure, from 
a safety standpoint the I.C.C. 4B240 is actually 56% 
lighter than the A.P.I. vessel carrying the same factor @ 
safety. 

In order to safely meet pressures encountered with 
liquefied petroleum gases now being used commerciall) 
with safety, California tank manufacturers as well # 
manufacturers all over the United States have beet 
building liquefied petroleum gas tanks to at least 250 p* 
under A.P.I.-A.S.M.E. and A.S.M.E. U201 codes. } 
mixtures of liquefied petroleum gases should be chat | 
to still higher vaporizing pressures, as they very ¥° 
may, then these tanks will have to be built to still highes 
working pressures while the 4B240, which are 1" domest® 
service and not under I.C.C. jurisdiction, wil! still ope 
ate at these higher pressures because the saicty valves 
will not open until 375 psi. have been reache(. 
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—THE 
AMERICAN WELDING SOCIETY 


ACTIVITIES RELATED EVENTS 


ee THE EVENT OF THE YEAR ee « 
Our 28th Annual Meeting 


Week of October 19, 1947 
AND Hotel Sherman, Chicago, Ill. 


WHY YOU should be there! 


1 YOU will learn or supplement your knowledge of the 2 YOU will meet Fellow Members from far and neo T 
bd most recent developments in welding, cutting and the e from every State and abroad; from every phos ¢ 
allied processes. You will hear reports upon the latest research your industry—techrical, production, research and scales; sont ical 
and at the Metals Exposition, see the results of that research in your own field and some in others. You will measurably : 
and its practical application in your and the related industries. benefit from these contacts. —ea 
tific 
i 3 YOU will meet and hear others prominent in welding, 4 YOU will contribute a genuine service to your industry, com 
Me bd cutting and the allied process activities who, through e your Society and your Fellow Member by your presence R 
discussion and demonstration, may assist you toward the and the contribution of your knowledge toward the solution of pee 
solution of your procedure and production problems. One the problems of others.... “We best help ourselves—by mov 
new idea may develop savings of thousands of dollars. helping others.” : 
give 
TI 


5 YOU will become better acquainted with the valuable activities of your Society 
° and its earnest efforts to assist its Members. You will have the opportunity to form 
learn its problems and provide your constructive suggestions toward finding other solutions. 
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Of Interest and Benefit to All— hunc 
ware 
SOCIAL EDUCATIONAL BUSINESS = 
@ METALS EXPOSITION 
@ The Annual Banquet @ 63 Technical Papers @ Section Officers rs 
© We (Presentation of Awards) @ Committee Meeting? 
@ University Research Conference . 
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The “reliably uniform performance” that has 
won thousands of satisfied Sureweld users is not 


‘accidental. Four distinct factory laboratories 


safeguard the perfect performance of Sureweld 
electrodes on every job . . . every time. 


These four watchdogs of quality are the chem- 
ical, physical, research and welding laboratories 
—each a complete entity . . . in an NCG scien- 
tific team. From such careful analytic control 
come the uniformly good bead appearance, the 
speed and easy operation, the ease of slag re- 


moval, the surprisingly low spatter loss . . . that 


give Sureweld big volume preference. 


This uniformity of performance extends uni- 
formly throughout all the needs of industry, too 
—for all types of welds and all kinds of weld- 
able metals. Yes, there is a Sureweld electrode 
to do any welding job—and do it better, faster 
and easier, And all types of Sureweld rods are 
quickly available to you from a vast network of 


hundreds of independent NCG distributors and 
warehouse stocks. 


Wise and seasoned NCG counsel, too, is 
yours for the asking, to help on any welding 
problem. Free of bias because of NCG’s 30 
years’ concern with both flame and arc welding, 
NCG’s careful recommendations have effected 


savings and speed-ups in many a U.S. industrial 
method 


You bet,you can relyon NCG forservice...and 
on Sureweld for cleaner, faster, stronger welds. 


NATIONAL CYLINDER GAS COMPANY 
HOLLUP DIVISION 
840 N. Michigan Ave., Chicago 11, lil. 


time 


EVERYTHING FOR WELDING 


NCG is recognized as one of the 
largest organizations of its kind in 
the world. It operates 73 manufac- 
turing plants within the United States, 
offers supply and service by a vast 
network of hundreds of independent 
NCG distributors and warehouse 
stocks. For assured satisfaction in 
your welding and cutting needs... 


RELY ON NCG 
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_ By shifting from acetylene weld- 
ing to resistance welding with G-E 
controls, Tarrant Manufacturing 
Co., Saratoga Springs, N. Y., has 
tripled their production of road 
maintenance equipment. 

_ Actual increase in production rate 
‘seven greater. It took three min- 
utes to acetylene weld the bottom 
scam of the roofer’s bucket pic- 
tured above; now, it takes 20 sec- 
onds. G-E controls assure auto- 
matic and accurate timing of the 
welding cycle ; thus, faster, more 
‘onsistent welding. 


Large Welder Operates on Low-capacity 
Power Lines... Thanks to Series Capacitors 


No Large Voltage Drop... Unity 
Power Factor 


This large welder operates on 
low-capacity power lines, with no 
large voltage drop, thanks to G-E 
series capacitors. They reduce the 
normal welder demand from 100 
kva to 40 kva, and correct the 
power factor to unity. There is no 
light flicker in the plant or surround- 
ing residential area. For details on 
series capacitors, ask for Bulletin, 
GET-1134. 


New Lines of Synchronous and 
Nonsynchronous Controls 

1. Control is factory-assembled 
in one, easy-to-install cabinet. 

2. Easy servicing through large 
side door of cabinet. 


3. Control station always faces 
operator. 


For further details, ask for Bulle- 
tins GEA-4699 and GEA-4726. 


HAVE YOU SEEN 


“This Is Resistance Welding”’, 
G.E.’s 30-minute, full-color movie? 
Your nearest G-E office, local util- 
ity, or resistance welder manufac- 
turer representative will be glad to 
arrange a free showing. 


Apparatus Department, Sec. H645-43 
General Electric Company 
Schenectady 5, New York 
Please send me the following bulletins: 
GEA-4699, Synchronous Precision Con- 

trol for Spot and Projection Welding 
(0 GEA-4726, Nonsynchronous Control for 
Spot and Projection Welding 
(0 GEA-4571, The Importance of Control 
[) GET-1134, Application of Series Ca- 
pacitors to Resistance Welding 
Machines 
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KNOW YOUR SOCIETY 


Beginning with this issue, J. G. 
Magrath, our mew Executive» Secretary, 
in consultation with members of the staff 
and others, will portray each month one of 
the important activities of the AMERICAN 
WE Society. Although most of us 
are thoroughly familiar with these activi- 
ties, we often take them for. granted. 


This information will not only be of as- - 


sistance to members in more fully under- 
standing the benefits, value, importance 
and accomplishments of their Society, but 
will also provide them with ammunition 
to convince others that they should 
“join.” 

Comments, suggestions and criticisms 
will be welcome. 


OUR NEW PRESIDENT 


Mr. Harold O. Hill, elected President of 
the AMERICAN WELDING Socrety, brings 
to that office not only a keen appreciation 
of the problems confronting the SocreTy 
gained through his service as Director and, 
Vice-President, but also a wealth of experi- 
ence in committee work of the Society. 
He served as Director-at-Large during the 
years 1940 to 1943; as Vice-President 
from 1944 to date and as a Member of the 
Executive Committee for the past nine 
years. 

Mr. Hill is Assistant Chief Engineer, 
Fabricated Steel Construction, of the 
Bethlehem Steel Co., at Bethlehem, Pa. 
Born in Ontario, Canada, he was educated 


‘Harold O. Hill 


at the University of Toronto, from which 
he received the degree of B.A.Sc. in Me- 
chanical Engineering. 

He commenced his engineering career 
with the Riter-Conley Co. of Pittsburgh, 
Pa., fabricators of plate and structural 
steel. Here he served in many capacities 
and was Chief Engineer when this com- 
pany was merged into McClintic-Marshall 
Co. in 1916, when he became Assistant 


Chief Engineer of the enlarged company 
in charge of the engineering on. tank. ay; 
platework. When the MeClintic-Ma 
shall Co. was emerged with the Bethlehe, 
Steel Co.“in 1931 he continuéd ‘his sanp 
duties with the Bethlehem Steel Co. 

Other engineering activities include th 
chairmanship of the A.W.S. Committe 
which prepared ‘‘Rules for Field Welding 
of Storage Tanks”’; chairman of the A.P| 
A.W.S. Conference Committee on th 
Welding of Storage Tanks; member of th 
A.W.S. Symbols Committee; member ¢ 
the A.W.S. Committee on Standard Qual 
fications Procedure; member of the A.W § 
A.W.W.A. Committee on Specificatic; 
for Field Welding of Steel Water Pip. 
Joints; member of the A.W.W.A.-A. Ws 
Conference Committee on Elevated Ste 
Water Tanks, Standpipes and Reservoir 
member and past-chairman of the A.WS 
Technical Activities Committee; membe 
of the A.W.S. Committee on Honorar 
Memberships and Honorary Director 
ships; chairman of the Special Commit: 
appointed by the Board to study t 
future needs of the Socrety, which recon 
mended strengthening of the Headquarter 
Staff, which led to the recent selection an 
employment of an Executive Secretan 
for the Society; Member of the AP! 
A.S.T.M., A.I.E.E., A.S.C.E., 
A.W.W.A., a registered professional eng 
neer in the State of Pennsylvania a 
past-president of the Bethlehem Rotary 
Club. Mr. Hill has been a member of th 
AMERICA WELDING Socrety for sixte 
years. 


IN THE RED DRUM 


EFFICIENT 


ECONOMICAL 


DEPENDABLE 


FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 
NATIONAL CARBIDE CORPORATION 
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AMPORTANT NEW CONSTRUCTION FEATURES 


MPORTANT NEW CIRCUIT FEATURES 


NEW Square D Class 8993 combination controllers Oy 
for resistance welders incorporate, in one enclosure, elec- 
tronic contactor, heat control, synchronous-precision weld timer, 
and sequence panel. They provide accurate time and current 
measure recommended for welding non-ferrous metals, stainless 


steels, small parts and other critical jobs. 


e All terminal connections and tie points are made accessible by in gira arb 
opening main door and swinging out weld time panel. , ot 


e Simple tools—screw-driver and pliers—can be used to replace 
components. Number of soldered connections is minimized. 


e Functional sub-panels (contactor, heat control, timing, and 


sequencing) have separable connectors—may be quickly removed 
or replaced. 


e Designed for mounting on side of machine or for wall mounting. 


e New separate excitation circuit for ignitrons makes firing inde- 
pendent of voltage or load current. Firing pulses have consistent 
amplitude and duration for all heat con- 
trol settings from 20% to 100° current. 


@ Synchronous-precision weld timing cir- 
cuit operates on new differential dis- 
charge principle. Voltage changes before 
or during the weld have no effect on tim- 
ing accuracy. 


@ All-electronic circuit has no sequenc- 
ing relays and is of simplified design. For 
maximum safety, air valve is energized 
by a magnetic contactor. A no-weld relay 
disconnects firing tube anodes only in 
response to no-weld and water-flow 
Switches, and warm-up timer. 


Above — 
All circuit terminals and tie points 
accessible by opening main door 
and swinging out sequence panel. 


Left — 


Controller can be arranged either 
for side of machine mounting 
or wall mounting. 


@ Coupling transformers isolate functional 
sections of circuit for maximum safety and 
efficiency. Initiating, no-weld, and pres- 
sure switch circuits are 110 volts. 


DETROIT MILWAUKEE ANGELES 


SQUARE D CANADA, LTD., TORONTO, ONTARIO + SQUARE D de MEXICG, S.A., MEXICO CITY, D.F. 
1947 
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1. Thousands of twist- 
ed wires properly 
shaped provide extro- 
flexibility. Less tiring 
for worker to handle. 


‘WELDING 
CABLE 


2. Tough construction 
offers greater resist- 
ance to abrasion, oil 
and water. Less time 
out for repair. 


3. Bright copper wires 
of hair width sizes 


provide high conduc- 
tivity. Steadier power 


on the job. 


4. Heavy live rubber 
jacket and heavy tape 
wrapping protect 
wires. Prevent “shorts” 
and breakdowns. 


Send for new free 64-page 
catalog of latest type weld- 
ing and cutting equipment. 


Available in sizes from 6 to 4/0 from 
your welding supply distributor. If 
he cannot supply you, write direct, 


With production and labor costs mounting, it will pay you more than ever before to use 
Burdox Extra-Flex Cable for your welding. “4 FEATURE” Extra-Flex Cable gives you 
more welds...better welds per man-hour because it works with the man-on -the-job. 
With its many exclusive production advantages, it costs you far less than you expect 
to pay for cable of this high quality. Next time you order cable specify “Extra-Flex‘’! 


The Burdett Oxygen Co.,3328 Lakeside Ave., Cleveland, O. 
Please send copy of free 64-page catalog. 


JOHN F. CALLAHAN COMPLETES 
30 YEARS WITH AIRCO 


John F. Callahan, assistant advertising 
manager of Air Reduction celebrated jj 
30th Anniversary with that firm on Ay. 
gust 11th. 

He was the guest of honor at a lunchem 
held at the Uptown Club by members ¢ 
the Advertising Department. During 
the luncheon Mr. Callahan was presents 
with a Gruen wristwatch and a scroll com 
memorating his 30 yr. of continuous ay, 
able service. 

Mr. Callahan started with Air Redy 
tion in 1917 and entered the Advertisin; 
Department in 1920. For a number ¢ 
years he served as field representative 
Later, he became widely known throughow 
the United States as Air Reduction’s coy 
vention specialist. 

An active member of the Nation 
Industrial Advertisers Association, th 
AMERICAN WELDING SocIETY and thy 
International Acetylene Association, M; 
Callahan was appointed assistant adve 
tising manager in 1939 and continues : 
serve in that capacity. 


WELDING PATENTS 


A classification system for the more tha 
11,000 welding patents now in the Davi 
Welding Library at Ohio State Universit 
was established this summer, accor 
ing to Dean Charles E. MacQuigg of th 
College of Engineering. 

In charge of the project, which will « 
able industries, students and 
workers to obtain more readily informati 
on all patents granted in their speci 
lines, is Dr. W. H. Simon of the Universit 
of Toronto. 

Cost of the work is being paid from th 
A. F. Davis Welding Engineering Scholz 
ship and Library Fund. Mr. Davs 
vice-president of the Lincoln Electric C 
Cleveland, and an alumnus of Ohio Stat 
University, established the welding librat 
a number of years ago and at the same tim 
set up such a scholarship fund 

The library includes a large collection" 
patents relating to the Welding proces® 
and their industrial applications. 4 
present the patents are grouped accorillf 
to the classes and subclasses of the '.> 
Patent Office, set up years ago when we 
ing was in its infancy. The great increas 
in recent years in the number of patel! 
in this field has made it difficult to 
patents relating to specific subjects 
new Classification system wil! remot) ™ 
difficulty. 

Dr. Simon has done consicerable 
in the patent field and has published 
of his studies in book form. He ree 
his Ph.D. at the University of She! 
1939 where his work was in the -" 
Welding Metallurgy. He was awa 
prize by the Institute of Wel: ling, Lot 
England, for his dissertation “Ar ' 
ing Electrodes and Their Relation’ 
Weld Metal.” 

A member of the American WE" 
Society, Dr. Simon also is 
the Institution of Mechanical 599°" 
and a member of the Ontario Ass 
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NEEDS MORE THAN 


He needs 


REVERE No. 456 LOW FUMING 


Bronze Welding Rod 


HY put up with bothersome 

fumes when you can produce 
strong welds quickly with Revere 
No. 456 low fuming bronze welding 
rod? 

This “flame-tested” rod is particu- 
larly useful in joining, without fusion, 
base metals of higher melting points. 
In the welding of cast iron, Revere 
No. 456 saves time and fuel because 
its low melting point (about 1600° F. ) 
reduces the need for high pre-heats 
and post-heats. And Revere No. 456 
gives you sound joints in the bronze 


COPPER AND BRASS INCORPORATED 


welding of cast and malleable irons, 
wrought iron, cast and wrought steel, 
cast and wrought bronze. 

Other Revere Welding Rods are: 
RevereBronze380,ManganeseBronze, 
Herculoy, Phosphor Bronzes, Brass 
(Brazing Rod), Silicon Deoxidized 
Copper and Electrolytic Copper. All 
come in 100-pound cases or in 25- 
pound cartons, net weight, and are 
stocked by Revere Welding Rod Dis- 
tributors in all parts of the country. 
Write for folder giving technical data 
and net prices. 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, Detroit, Mich; New 


Bedford, Mass.; Rome, N. Y.—Sales Offices in Principal Cities 


Distributors Everywhere, 


| 
a | | 
| 
ing 
his 3 
Av : 
- 
eon | 
hout WN 
ne 
the 
| 
es t q | 
2 
< 
versit 
of 
sear 
mat) ‘ 
iversit] 
‘om Ux | 
hol » | 
Davt 
ric C ' 
10 Stat q 
Libra 
me tum 
ectiol : 
| 
ms 
c¢ 
he U.S q | 
en wee 
increa® | 
patent 
to local 
ts, 4 
ible 
hed sof 
rece! 
heffield 
iwarde 
,, Londo 
Arc W 
| 
ssociat 
Engine 
gsociat 
TOBE ADVERTISING 7 


OUR FIRST VICE-PRESIDENT 


George N. Sieger is a graduate of Lehigh 
University, with the degree of Electro 
Metallurgist. 

Prior to the First World War, he served 
with the Davis Bournonville Co., Elec- 
trolytic Qxy-Hydrogen Dept. As a mat- 
ter of fact, he had charge of a large instal- 
lation of their equipment in France. 

Upon return to the States after the First 
World War, Mr. Sieger rejoined P. R. 
Mallory and was associated with this com- 
pany in an executive capacity from 1919 
to 1933. During this time he took part 
in the formation of the Carboloy Co. and 
served as assistant to the president during 
the period that the Mallory organization 
controlled its activities. 

Mr. Sieger’s association with the AMERI- 
CAN WELDING Society dates back many 
years. He has taken an active part in the 
Detroit Section since the formation of his 
own company 14 yr. ago, the S-M-S- Corp. 
of which he is president and general man- 
ager. 

During World War II, he served as 
chairman of the Task Committee, Resist- 
ance Welding Electrodes Advisory Com- 
mittee and as a member of the Task Com- 
mittee of Resistance Welding Machines 
Advisory Committee, WPB. Also, he 
was attached to the Cutting Tools Section 
staff of WPB as consultant on Cemented 
Tungsten Carbides. Has made many 
presentations on Cemented Carbide, Elk- 
onite, Resistance Welding and its elec- 
trodes before technical societies, luncheon 
clubs, etc. 


George N. Sieger 


Mr. Sieger is a past president of the 
Alloy Group, RWMA, and presently serv- 
ing as president of the RWMA. He is a 
member of A.S.M., S.A.E. and E.S.D. 


OUR SECOND VICE-PRESIDENT 
O. B. J. Fraser 


O. B. J. Fraser is Assistant Manager 
of the Development and Research Divi- 
sion of the International Nickel Co. 

For the past thirteen years Mr. Fraser 
has been Director of Technical Service on 


mag Dual Regulator 
Floor-Type Acetylene Manifold 


Oxygen + Acetylene 
Hydrogen + Nitrogen 
and other high 
pressure gases 


*Reg. U. S. Pat. Off. 


She 


International Nickel’s Mill Products, ang 
since March 1945 he has also headed th: 
Industrial Chemicals Section of the De 
velopment and Research Division in Ney 
York Mr. Fraser for some years ha; 
been directing International Nickel’s jy 
vestigational work at Mellon Institute oj 
Industrial Research Pittsburgh, Pa. oy 
ertain problems in the chemistry an¢ 
technology of nickel. 

He joined the company in July 1917 a 
metallurgical engineer at the Bayonne 


O. B. J. Fraser 


CONSTRUCTION 


PRODUCES BETTER 
MANIFOLDS 


@ RegO design means safe performant, 
long life and lowmaintenance costs. Het 
are some of the construction features you 
get when you specify RegO Manifolds 
Unit Construction... The header 
~. of each RegO Manifold is virtually on 
piece; extra-heavy seamless brass pipe 
run through the forged brass header tt 
tings, the cylinder station shut-off valves J 
and the master shut-off valves...all erm 
nent connections are then silver-braze 
The header assembly is bolted toa hea) 


steel I-beam to assure permanent alignment. 
Precision Regulation...large capacity two-sts 
RegOlators assure constant and uniform deliv 
pressure to the pipe system. 
Extra Convenience... standard RegO 
construction provides individual shut-off v4 
at each cylinder station... this design 
one cylinder to be disconnected without ™ 
ting 
valves control each main branch. ae 
Rigid Tests... header pipe, valve bodies and fittings withstand pressure up to 10,000 psi # 
each complete RegO Manifold is subjected to a sustained air pressure test up to 2,000 P 


own the entire manifold. Master shut 


There Is A RegO Manifold to Fit Your Most Exacting Requirements 


BASTIAN- BLESSING?" 


4201 W. Peterson Avenue Chicago 30, Illinois 
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Rods 


your next 


< 


ve hard-facing job q 


One of These Haynes Hard- Facing Rods 
Will Do Your Job 


1. HAYNES STevuire Rods. . . cobalt-chromium- 


Fast, easy application tungsten alloys ... high in red hardness and 
Sound uniform deposit highly resistant to abrasion and corrosion. 
’ 
Steady quiet arc 2. HAYNES Rod . . . iron-base alloy 
’ 


. . resistant to abrasion. 


Easy slag removal 


3. HAsScROME Rod. . . iron-base alloy containing 
Haynes hard-facing alloys with greatly chromium and manganese... work-hardens 
TER under impact. 
improved coatings are now available 

5 for metallic arc welding. Use them on 4. Haysrewire Rods... tungsten-base alloy and 
mance steel binder . . . extremely resistant to abrasion. 
your next job to protect metal parts 
ures you 
ifolds from abrasion, heat, and corrosion. 5. HasTeLttoy Rods... nickel-base alloys... 
section 
ally one Duc registered trade-marks “Haynes,” “Haynes Stellite,” resistant to heat and abrasion and highly 
pipes “Hescrome,” “Hastelloy,” and “Haystellite” distinguish resistant to corrosion. 
products of Haynes Stellite Company. 
ff valves & 
perms 
eased 
hea”) 4 

wo-stage i 

delivery 

Haynes Stellite Company 

Unit of Union Carbide and Carbon (orperation 

mits 

ut shut UCC) 

General Offices and Works, Kokomo, Indiana 

psi ane los Angeles— New York—San Francisco—Tulsa “4 SAY A 
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N.J., works. In April 1918 he was trans- 
ferred to the company’s Port Colborne, 
Ontario, works and became successively 
superintendent of the Electrostatic Fume 
Precipitation Plant, night works superin- 
tendent and research engineer. During 
1922, while still with the company he be- 
came associated with the Mellon Institute 
in the study of corrosion of nickel and 
nickel alloys. Mr. Fraser was placed in 
charge of the Research Laboratories of 
INCO at Bayonne in 1924, remaining in 
that position until 1932. During the 
next two years he carried on field develop- 
ment work in the use of nickel alloys in the 
petroleum industry. His first contact 
with the Canadian nickel industry was in 
1914 in exploration work in the Sudbury, 
Ontario, nickel district at the Levack 
Mine, 

Born in Brookville, Ontario, he re- 
ceived a B.Sc. degree in metallurgical en- 
gineering in 1916 from Queen’s University, 
Kingston. During World War I, Mr. 
Fraser served in the Canadian Field Ar- 
tillery and was an inspector of military 
explosives in Canada for the Imperial 
Ministry of Munitions of Great Britain. 

Mr. Fraser is actively identified as both 
officer and member of committees of a 
number of metallurgical and engineering 
organizations. He served as National 
Treasurer of the AMERICAN WELDING 
Society, vice-chairman of the Institute of 
Metals Division of the American Institute 
of Mining and Metallurgical Engineers, 
and is a member of American Society of 
Mechanical Engineers, American Institute 
of Chemical Engineers, American Chem- 
ical Society, Electrochemical Society, 
American Petroleum Institute (Technical 
Section), American Gas Association (Tech- 
nical Section), Electroplaters and Depos- 
itors Technical Society, American Society 
for Metals, American Society for Testing 
Materials, American Association for the 
Advancement of Science and Electrodepos- 
itors Technical Society of London. He is 
author of several technical publications. 


OUR NEW TREASURER 


The AMERICAN WELDING SOCIETY is 
fortunate to secure the services of Russell 
S. Donald to act as its treasurer. Mr. 
Donald is a man of extensive business 
experience. He was born on February 6, 
1891. He started his business career as a 
tool maker and designer. He joined the 
Thomson Electric Welder Co. in 1909 and 
has been with the company ever since. 
He now holds the position of sales engi- 
neer. 

In 1933 he organized the Electroloy 
Co., of which he is now treasurer, which 
organization does an extensive business 
in the manufacturing and supply of re- 


Russell S. Donald 


sistance-welding electrodes. He is also 
president of the Conlon Manufacturing 
Co., Bridgeport, Conn. This company 
specializes in the manufacture of rubber 
shoe machinery and general machine work. 
Russell Donald has been active in the 
AMERICAN WELDING Socrety for a great 
many years. He has served as a member 
of the technical committees interested in 
resistance welding and has been a member 
of the National Program Committee for 
many years. He has also served on the 
Board of Directors and on the Finance 
Committee. He has been elected as 
treasurer for a three-year period. 


VICE-PRESIDENT—DISTRICT NO. 1 
G. M. Trefts III 


G. M. Trefts graduated from Cornell 
University in 1927 asan M.E. He worked 
with American Steel and Wire Co., Cleve- 
land for 3 years to 1930. Since 1930 he 
has been connected with Farrar & Trefts, 
Inc., and at present is vice-president in 
charge of production. During his service 
with Farrar and Trefts, Inc., product of 
plant was shifted from almost all-riveted 
work to almost all-welded work consisting 
of all alloys and all types of high-pressure 
welded vessels. 

For 2 years Mr. Trefts served as chair- 
man of A.W.S. Western New York Sec- 
tion during, which time membership was 
almost doubled. 


G. M. Trefts III 


3RD DISTRICT VICE-PRESIDENT 


Roy E. Lorentz, Jr. 


Mr. R. E. Lorentz, Jr., is associated 
with the Combustion Engineering Co., 
Inc., Chattanooga, Tenn., as assistant 


Roy E. Lorentz, Jr. 


“ELECTROEQY" for RESISTA 


OFFSET HOLDER THe Erectrovoy Co. Inc. 1600 Seaview 


WELDING 


Briocerort. Conn. WELDING ROLL 
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sional Football League. 


A team of Champion Welding Electrodes, 
like a team of champion athletes, is dependable, 
versatile, tugged and fast. in all positions uni- 
form performance and stamina cortiribute to 
that perfect cosordination which licks the tough- 
est jobs and scores a hit with the customers. For 
‘consistently top notch results on your welding 
problems remember “They Have to be Good to 


be CHAMPIONS.” 


RIVET COMPANY 
CLEVELAND, OHIO 
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chief metallurgist. Mr. Lorentz first be- 
came interested in welding while working 
_ for Hollup Corp. in Chicago, where he 
learned electric arc welding with bare and 
coated electrodes and was thus enabled to 
spend subsequent summers during his 
training on various field and shop welding 
jobs. 

Mr. Lorentz was born on March 29, 
1916, in Champaign, Ill., and received 
elementary education in Chicago. He 
graduated in 1939 with the B.S. degree in 
metallurgy from the University of IIl- 
inois, and in 1940 received the M.S. de- 
gree in metallurgy from Lehigh Univer- 
sity. 

In June 1940 Mr. Lorentz went with 
the Combustion Engineering Co., Inc., 
at Chattanooga, Tenn., as welding metal- 
lurgist. He has been active in the Chat- 
tanooga Section of the A.W.S., serving as 
chairman in 1943. He has given several 
papers on welding before various engi- 
neering societies and published papers 
on welding subjects and radiographic 
testing. 

In addition to membership in AMER- 
ICAN WELDING Society, he is also a mem- 
ber of A.S.M., A.S.T.M., Tau Beta Pi 
and associate member of Sigma Xi. 


5TH DISTRICT VICE-PRESIDENT 
J. R. Wirt 


J. R. Wirt of the Process Engineering 
Department, Delco-Remy Division of 
General Motors at Anderson, Ind., has 
been elected Fifth District Vice-President 
of the AMERICAN WELDING SOCIETY. 

A graduate of Purdue University, Mr. 
Wirt was employed by the Indiana Bell 
Telephone Co. before joining Delco-Remy 
in 1936. In 1938 Delco-Remy began de- 
velopment of a process to resistance weld 
steel tubing from diameter to °/,¢- 
diameter and Mr. Wirt was assigned to 
this project. Two years were spent in 
successfully completing this assignment. 

In 1940 Wirt was named Welding Engi- 
neer for the Division and since that date 
has been identified with the development 
and expansion of welding, brazing and 
soft soldering processes in the Division’s 
nine plants. 

Wirt is a member of the A.W.S., A.S.M. 
and an associate member of the A.I.E.E. 


J. R. Wirt 


He is serving as chairman of the A.W-S. 
Brazing Committee, chairman of the 
Handbook Solder Chapter Committee, 
member of the A.I.E.E. Welding Com- 
mittee and member of the A.W.S.-A.S.- 
T.M. subcommittee VIII on filler metals. 
He is Vice-President of the Indianapolis 
Technical Societies Council, Chairman of 
the Boy Scout Council Training Com- 
mittee and a member of the Scout Coun- 
cil Executive Committee. 


7TH DISTRICT VICE-PRESIDENT 
Gilbert S. Schaller 


GilBert S. Schaller graduated from the 
University of Illinois with a B.S. in 
M.E. degree in 1916. Upon graduation, 
he was employed by the Kawneer Mfg. 
Co., Niles, Mich., in the production engi- 
neering department. While employed 
there, he developed a machine for welding 
tubing with a multiple tip torch—a de- 
velopment that played an important part 


Gilbert S. Schaller 


in aircraft tubing manufacture during 
World War I. After attendance 
Officers’ Training Camp at Fort Sheridar 
Ill., he was commissioned in the Ordnance 
Dept. He served overseas for 18 m 
both with the AEF and as a staff officer 
in the Fourth French Army. 
sumption of civil status, he was with the 
Mendota Manufacturing & Transfer C 
in production work and later joined the 
H. D. Conkey Co., as Factory Manager 
From the latter position, he went to the 
University of Washington, Seattle, as al 
Instructor in Mechanical Engineering. | 
1925, he earned the M.B.A. degree at that 
university. He is now Professor of Me 
chanical Engineering in charge of th 
manufacturing methods courses and lab 
ratories. 

Professor Schaller is a member of T# 
Beta Pi, Sigma Xi and Chi Phi. Twice 
has been chairman of the Puget Sow! 
Section of the A.W.S. and a contributor 
to THE WELDING JouRNAL as well ® 
other technical publications. He % 4 
member and past chairman of the Puget 
Sound Chapter of the ASM, and a member 
of the AFA where he has served on seve 
national committees. Among other pu 
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Buy “Proven Fluxes’’ with Years of 
Guaranteed Satisfaction behindthem 


Ask for Them 
A Flux for every metal: 


for bronze-welding cast iren; 
Aluminum; 
Paste Flux. 


The Trade-Name is ““ANTI-BORAX”’ 


Unequalled fer Quality 


Cast Iron Welding Flux 
No. 1s Brazing Flux Neo. 2; Braz-Cast Flux No. 4 
“ABC”? Aluminum 
Flux Neo. 8 for sheet Aluminum and all alloys of 
Stainless Steel Flux Ne. 9; 
Selder Brazing Flux No. 160; No. 16 Silver Solder 


ANTI-BORAX COMPOUND COMPANY 
Fort Wayne, Indiana 


OF ALL TYPES 
SIZES 1/4 TO 300 KVA. 
FOR MANUAL, Aik, MOTOR 
OR ELECTRONIC OPERATON 
also BUTT, ARC, and 
GUN WELDERS 


WELDERS! 


Silver 


779 South 13th St. 
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TRANSFORMERS! 

For Furnaces,Lighting, Distribution, Power. Auto 

Phase Changing Welding, and Special Jobs. 
AIR OIL, and WATER COOLED. 


Sizes 1/4 to 300 KVA- 
CHARLES EISLER 
EISLER ENGINEERING CO., INC. 


A. 
(New Avon Ave) NEWARK 3, N. 
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2% ens Showing detail construction of tray 
lh} made for Bridgeport Brass Co. 
et. Rolock, Inc., Fairfield, Conn., 


Inconel sheet. A group of 6 brake- 
formed channels are connected flexibly 


by 9 cross bars which serve as combina- 


tion tierods and work supports. This 
construction provides for uniform heat 
and weight distribution... eliminates 
stresses and cracking tendencies... 


permits interchangeability of parts. 


during 


Ce 


erida How to step up brazing-furnace production? 

myc That's the problem Rolock, Inc. had to answer for the 
- ofice EE Bridgeport Brass Co. when they wanted to get more 
on a Aer-A-Sol “bug bombs” through their existing furnaces. 
vith the Replacing the production-losing weight of heavy, cum- 
wer hersome fixtures was Rolock’s solution. 

{anager How? 


t to the 


a By fabricating strong, tough, lightweight, carriers made 
of INCONEL*. 
e at that This strong, workable alloy (80 nickel, 14 chromium), 


of Me permitted a tray of unique articulated construction. 
or tie 

nd Lab The tray designed by Rolock, Inc., withstands brazing 

temperatures. And, while only .047” thick, the Inconel 
r of Tal sheet construction combines maximum rigidity with mini- 
Twice he mum weight. It offers ample strength to support the a brazing trays, each loaded with 
et sous imposed load .. . and plenty of toughness to take rough 2 nae oom 
ntribult handling. 
; well 4 bad 
He is 4 Wrote Mr. Stanley G. Kroto, Mechanical Engineer of 
Puget Rolock: “The new all-Inconel trays have long life... and 
a member HR are more than fulfilling designer’s expectations.” y 
or severa . . 
we a Have you a heat-resisting equipment problem? Inconel Protection Tubes, Too! 

investigate this 14 alloy. Now you can give EXTRA protection 
PES , resists most severe high temperature conditions. t 
© your thermocouples. 
It's readily fabricated and welded for construction into 
ERAT on Cypes of heat-treating equipment and high-tempera- Inconel protection tubes are strong, tough, and 
RC, and ” furnace parts... and Inconel is available at compa- corrosion resistant. They show good strength at 

ERS cost in all standard mill forms. elevated temperatures. You can use seamless 


Our engineers are ready to discuss your special needs. Inconel tubes up to 2200°F. in sulfur-free at- 


0 obligation. Write today. mospheres. Your regular supplier has them in 


all sizes and lengths. 


*Reg. U.S. Pat. Off. 


rue INTERNATIONAL NICKEL COMPANY, INC. 
Wall Street, New York 5, N. Y. ; 


(80 NICKEL -/4 CHROMIUM) 


NICKEL ALLOYS 
...for long life at brazing temperatures 
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lications, Prof. Schaller has won the Junior 
Prize of the ASME. During the late war, 
he served as consultant for several Seattle 
and Tacoma companies in both welding 
and foundry capacities. 


OUR NEW DIRECTORS 
David Arnott 


Mr. Arnott, who has served the AMERI- 
CAN WELDING SocIgETY as its Second Vice- 
President, First Vice-President and Presi- 
dent, has been elected Director for a 3-yr. 
term. 


David Arnott 


Mr. Arnott has been active in the So- 
CIETY since its early days, particularly ia 
its technical activities relating to ship 
welding. He has delivered a number of 
papers before the various Sections of the 
Society and was author of an important 
chapter of the first edition of Welding 
Handbook. Mr. Arnott served as Chair- 
man of the Committee preparing the 
Chapter of the 1942 edition of the Hand- 
book on Ships. David Arnott has been 
a strong supporter of the research activi- 
ties of the Society and was Chairman of 
the A.W.S. Committee on Welding in 
Marine Construction. 


Mr. Arnott was born in Glasgow, Scot- 
land, in 1878. He is a graduate of the 
Royal Technical College, Glasgow, and re- 
ceived his apprentice training in ship con- 
struction with the Fairfield Shipbuilding & 
Eng. Co., Ltd., Glasgow. He served as 
Surveyor, British Corporation Register 
of Shipping and Aircraft from 1901 to 
1917, at its head office in Glasgow. He was 
also Principal Surveyor for Canada, Brit- 
ish Corporation Register of Shipping and 
Aircraft, from 1917 to 1918, stationed at 
Toronto. Later he became Deputy Chief 
Surveyor, American Bureau of Shipping, 
from 1918 to 1925, New York. In 1925 
he became Chief Surveyor of the American 
Bureau of Shipping, a position which he 
held until his retirement August 1, 1947. 
To these duties were added those of Vice- 
President of the American Bureau of Ship- 
ping in 1938. He still serves as a Con- 
sultant to the Bureau. 

His technical society affiliations are 
quite numerous and include: Council 
Member, Society of Naval Architects & 
Marine Engineers; Member, Institution 
of Naval “Architects; Member, British 
Institute of Welding; Technical Adviser 
to U. S. Delegation, International Safety 
of Life at Sea Convention 1929; U. S. 
Delegate to International Load Line Con- 
vention 1930. Mr. Arnott became a 
naturalized citizen of the U.S.A. in 1924. 

The Miller Medal was awarded to Mr. 
Arnott in 1941 for conspicuous contribu- 
tions to the art and science of marine weld- 
ing. 

In 1927 the American Bureau of Ship- 
ping made possible full classification for 
all-welded vessels, the first classification 
society in the world to do so. 


Thomas M. Jackson 


Thomas M. Jackson was born in Ken- 
nett Square, Pa. He graduated from 
Cornell University in 1908 with the degree 
of M.E. (special in E.E.). He is a mem- 
ber of the Society of Naval Architects and 
Marine Engineers and of the AMERICAN 
WELDING SOCIETY. 

Following graduation from college he 
was associated for two years with the Yni- 
ted Gas Improvement Co., Philadelphia, 
then for several years with Westinghouse 
Electric & Mfg. Co., principally as sales 
engineer. In 1918 he became associated 
with Sun Shipbuilding & Dry Dock Co., 
Chester, Pa., as chief electrical engineer 


Thomas M. Jackson 


and was also made head of the then infant 
Welding Department. From 1920 to date 
he has been chief electrical and welding 
engineer. 

During that period he has been in charge 
of all welding development in ship con 
struction and pressure vessels including 
design, procedure control and _ training 
He has served on several committees of 
A.W.S. and is now a member of the Marine 
Committee. He is a member of the Pres 
sure Vessel Research ~Committee, bot! 
Materials and Fabrication Division. H: 
was chairman of the committee which pri 
pared the chapter on Submerged Melt 
Welding for the 1942 Handbook and is 
chairman of the committee now preparing 
a similar chapter for the new handbook 

Mr. Jackson has served on the Execu 
tive Committee of Philadelphia Sectio' 
A.W.S. for many years and as chairma! 
1937-38. 


C. I. MacGuftie 


Mr. C. I. MacGuffie, a native of Wes 
Pittston, Pa., was graduated from Penn 
sylvania State College in 1925 with 4 
degree of B.S. in electrical engineering 
He immediately became associated wit! 
General Electric in its Testing Depart! 
ment at Schenectady, going to the com 


TIP CLEANING DRILLS 


Mounted in Knurled 
BRASS Handled 


LARGE STOCK 


PROMPT DELIVERY 
NO RATING REQUIRED 


DISTRIBUTORS WANTED 
NEW MEXICO STEEL CO. 


Box 691, Albuquerque, N. M. 


electrodes. 


Immediate Delivery 


Can be demonstrated in operation. 

Operators can be trained in our plant to operate 
this equipment. 

Two of the most modern and efficient production 
lines in the Industry for extruding shielded arc 


We urgently need the floor space occupied by this 
equipment for new developments. 


This equipment will be sold as is, where is, at prices 
way below present replacement costs. 


We will dismantle and load equipment on ©@'® 
Packing for export to be paid by purchaser. 
REID AVERY COMPANY 
DUNDALK, BALTIMORE 22, MD. 


FOR SALE 
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if the hundreds of products now made with the low- 
temperature silver brazing alloys, EASY-FLO and 
SIL-FOS were assembled in one place, you would see a 


UNIVERSAL JOINT — 
forged yoke EASY-FLO 
brazed to steel sleeve 
with induction heating — 
One operator does 655 
per 8 hours — Every 
joint gets a 1540 ib.-tt. 
torque test 


FILTERS — EASY-FLO 
fabricated in 3 steps — 
bronze bushing to steel 


heod — head to steel 
shell — steel ring to 
shell — Each operator 


nfant truly amazing display — amazing in its range and 
» date variety — but most amazing in the extent to which 
ding EASY-FLO and Sil-FOS brazing boosted production 
— and slashed costs in practically every case. 
ding What's more, you wouid find nothing sacrificed 
ining getting these results. On the contrary, product improve- 
ees of ment is the rule — first, because EASY-FLO and SIL-FOS 
fortes brazing makes assemblies that equal or exceed the 
he solid metal in strength, leak-tightness and all other 
—" essential properties — and secondly, because EASY-FLO 
ch pri and SIL-FOS brazing permits streamlined designs which 
Melt can be produced with big-scale savings in man-hours, 
ec machine-hours and metals. 
00k. INVESTIGATE this proven way to raise production and 
Execu 
Sertiot cut costs. Find out where and how it fits into your pro- 
airmal duction. We'll be glad to send a field engineer to help 
you get the answer. Send for BULLETINS 12-A and 15. 
They'll give you full EASY-FLO and SIL-FOS facts. Write 
for them today. 
of Wes 
n 
‘AT THE CHICAGO METAL SHOW 
ed wit! 
Depart preduction brazing job in action, terch brazing @emon-— 
he con Strations, exemples of work from many industries ond 


“before” and “after” brazing case histories. Experienced “4 
engineers will be in attendance te discuss metal joining sd 
with 


overages 110 wnits per 


8 hours. 


82 FULTON STREET 


Agents in Principal Cities 


Avtomobj Electrical Connections Heating Equipment Machinery 
Bicycles Accessories Electrical Contacts Instruments 


Electrical Equipment lown Mowers 


NEW YORK 7, N. Y. 
Bridgeport, Conn. Chicago, til. Los Angeles, Cal. « Providence, 1. Toronto, Canada 


Marine Equipment 
Metal Furniture 


Pipe and Tubing 
Pots and Pans 


Radios 


PUNCH PRESS CRANK- 
SHAFT — Formerly mo- 
chined from 53/," chrome 
nickel steel stock — now 
from stock with 
EASY-FLO brazed collar. 
Gas brazing cycle, 7 min. 
35 secs. — Joint strength 
rated 92 tons in shear. 


Ships Piping 
Spork Plugs 


Refrigeration Piping 


: 


iat EW OF TODAY'S EASY-FLO AND SIL-FOS BRAZED PRODUCTS 
ire 

Niece Bus Bors Gasoline Lamps Lighting Fixtures Motors Refrigerators Stampings Tractors 

Avtomobiles es Electrical Appliances Gasoline Stoves Locomotives Paper Cup Holders Refrigeration Equipment Switchboords 


T f 
Switch Boxes 


Tool Repairs Universal Joints 
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C. I. MacGutftie 


pany’s Philadelphia office in 1928 to han- 
dle Welding Sales. In 1929 he was made 
welding specialist of the Atlantic District 
and left Philadelphia for Schenectady in 
1939 to become assistant to L. D. Meeker 
then manager of sales of the electric 
welding section. 

In February 1941 Mr. MacGuffie was 
appointed manager of sales, Electric 
Welding Division of the General Electric 
Co., which position he now holds. 

Mr. MacGuffie is a past chairman of the 
Philadelphia Section of the AMERICAN 
WELDING Society, and has served on 
several A.W.S. committees. He is now a 
member of the Schenectady Section of this 
Society and member of the A.I.E.E. He 
is a member of the Publications & Manu- 
facturers Committees of the AMERICAN 
WELDING SOCIETY. 


J. B. Tinnon 


John B. Tinnon is Vice-President of 
Metal & Thermit Corp. of New York. 
Upon completing his education at Vander- 
bilt University in the class of 1908, he 
became associated with the Chicago Sur- 
face Lines in Chicago, Ill., as assistant 
engineer, and in 1912 became engineer of 


John B, Tinnon 


maintenance of way and later chief 
engineer of the Chicago & Joliet 
Electric Railway Co. In 1924 he became 
associated with Metal & Thermit Corp 
as manager of their Rail Welding Depart- 
ment, later becoming sales manager and 
now Vice-President. 

Mr. Tinnon has been active for many 
years in the AMERICAN WELDING SOCIETY 
and is now chairman of the Manufac- 
turers Committee. He also has been 
very active for many years in the Amer- 
ican Transit Association, having been a 
member of many of their committees hav- 
ing to do with track work and welding, 
and headed the Manufacturers Advisory 
Committee of that association. He also 
is a member of the American Railway 
Engineering Association and a number of 
other similar organizations. 


THE METHOD OF OPERATION OF 
WELDING RESEARCH COUNCIL 


The solution of complex, fundamental 
research problems is usually so difficult 
that it requires the combined wisdom and 
talent of many scientists. Certain types 
of research involve many branches of 


science and engineering, and welding js 
one of them. Such problems are often be 
yond the justifiable means of any indj 
vidual corporation both as to talent and 
funds. 

The solution of such complicated prob. 
lems does not ordinarily lead to early 
patentable discoveries. Once the prob. 
lem is stated, however, it is often so im 
portant that, were the Welding Research 
Council not in existence, some other means 
would be created for directing the work 
Because the Council represents industry 
in general, an opportunity is created t 
distribute the cost of such major resear 
among a relatively large number of con 
panies. 


Selecting Problems 


It becomes necessary, therefore, in the 
successful operation of an organization 
such as the Welding Research Counc’ 
to develop simple yardsticks for measuring 
problems offered for consideration. The 
following are merely indicative as no har 
and fast rules can be drawn which would 
be applicable in all cases. 


1, The problem must be of genera 
interest to industry at larg: 
rather than to only a small se 
tion thereof. 

2. The prospect of solution must lex : 
good. 

3. The necessary funds, talent and rn 
search facilities must be secu 
able. 

4. The problem must not have bees 
previously solved. 


There are several corollary yardstick 
but inasmuch as it is not intended to mak 
this simple statement a comprehensiy 
treatment of the subject of cooperatiy 
research, the above suggestions will sufi 
to point the way. Moreover careful co! 
sideration will make it fairly obvious tha! 
no single individual, or even a few ind 
viduals, would have the breadth of trai 
ing and experience, or the time, to be abl 
to apply these criteria to all of the prob 
lems presented to the Council 

At this point it might be well to tract 
the path of progress of one of these prod 
lems. 

The problem is carefully considered! 
gardless of its origin. The origin may be4 
company, an individual, a technical co 
mittee, a governmental department, 
even someone outside of the country. 

If the Council has a project committe 
working in the same general field, of * 


parte to be 


Buffalo 7, New Yo 
Montreal 2, Canada 


WELDING CONNECTORS 


Saxe Systern Welded Connection Units 
for welded assembly 


Saxe Units vines, in position and securely hold together structural 


_ As used in many welded structures they eliminate all hole punch- 
ine: producing an economical, rigid, safe and quickly erected structural 
rame. 


Write for descriptive literature 
J. H. Williams & Company 


G. D. Peters Company 
Canadian Representatives 


ve” Clearance 
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SHAWINIGAN PRODUCTS 
CORPORATION 
EMPIRE STATE BUILDING, NEW YORK 1,6.¥ 
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McKay's new AWS-6013 Electrode developed after 

ZZ intensive research and experiment. Learn how it can 
serve you in production welding. We believe this 
electrode is a worthy companion to the McKay Elec- 
trodes already developed. Try it at our booth. . . 
then order it for more exhaustive production testing 
in your own plant. 


the advancements McKay has made in stainless-steel 
electrodes. Its AC-DC coating for electrodes has 
broadened the field of applications for AC welding 
to include the entire range of low-chrome, high- 
chrome and chrome-nickel steels. 


Bring your “on the spot’? welding with the newly developed 
welding problems ‘ZA McKay Electrodes. Better still—take over yourself 
and _ make your own tests in our welding booth. 

to the show 


Samples of the complete line of McKay Mild-Steel, 
Special-Purpose and Stainless Steel Electrodes will 
be available for testing. 


McKay Welding Engineers in 
Booth 2636 will gladly work with 
you on all special electrode prob- 
lems and applications. 


THE McKAY COMPANY 
406 McKay Buliding 


mcKAY BOOTH 


EXHIBIT (2636, 


Oct. 18-24 


GENERAL SALES OFFICES: YORK, PA. 


COMPANY 
PITTSBURGH 22, PA. 
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Typical of the way Ampco-Trode 
10 saves money for its users is 
this tricky repair job. This cast- 
iron se rader drive housing 
was badly inal when a drive 
shaft broke. Replacements were 
not available. Ampco-Trode 10 
took over. Only a slight preheat 
was necessary so that the welder 
had no trouble in handling the 
casting. All joints were V’d out 
and the welding done in two 
passes — once with an 4” rod 
and again with %,” rod. 


One of the breaks passed 
through a machined flange. But 
the fact that Ampco-Trode 10 
provided a machineable deposit 
as well as good strength and 
ductility solved this problem. 

You, too, can save time and 
money with Ampco-Trode 10. 
This all-purpose aluminum 
bronze electrode gives you these 
important welding advantages: 


... weld cast iron with Ampco-Trode 10 
—save time and money... 


@ Welds dissimilar metals—steel to clean 
cast iron; steel or cast iron to 
bronze, brass, and copper; and all 
these to nickel alloys. 


@ ideal for bearing applications and overlays 
— where hardness and resistance to 
wear are essential factors. 

@ Resists corrosion — this quality is ex- 
tremely useful when fabricating 
process-industry equipment. 

Get a supply of these easy- 
to-use, money-saving aluminum 
bronze electrodes today. See your 
nearest Ampco distributor. Write 
us for latest Ampco-Trode 10 
bulletin giving additional facts. 


Ampco-Trode 10 is a product of 


Ampco Metal, Inc. 


Department WJ-10 Milwaukee 4, Wis. 


w-101 
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closely allied field, the problem is firy 
referred by the Central Office to this Com. 
mittee for preliminary study and advice 
Sometimes it is necessary to refer the prob. 

lem to more than one committee. 

The disposition then depends on the 
application of the above-mentioned yard. 
sticks by the committee, or committees 
The Central Office is informed and in tury 
informs the individual or other source of 
the problem. Very often the suggested 
disposition is satisfactory to all concerned, 
but not always. For example, a project 
committee may agree that the problem js R 
important, but that it has a low priority 
rating in so far as the particular commit 
tee’s operations are concerned. In such F 
cases the problem is referred to the Uni 
versity Research Committee whose job signed 
it is to stimulate research in the univers 
ties. 

It would take too long here to descrily 
the operations of the University Research rom tl 
Committee—literature is available on th: rom pi 
subject. . Briefly stated the task is to find bout 1 
some university that is sufficiently inter “ng 
ested and competent to undertake th Fig. | 
problem, wih or without the advice of th: nild st 
project committee first mentioned. Some mplat 
times, but not very often, the problem r 
quires the setting up of a new project com 
mittee, and in such case there is required a 
fairly long and comprehensive study o/ — 
the subject under the direction of the It to te 
Council itself. 

The application of the above-mentione: The s 
yardsticks is sometimes a difficult matter embled 
This is well illustrated by the applicatior lone i 
of the last-mentioned yardstick. To as 
certain what has already been done in a 
specific field sometimes requires a com 
prehensive digest of the literature by 4 
thoroughly competent person, which i: 
itself may be a serious undertaking. |' 
may be mentioned in passing that ever) downk 
two years the University Research Com ause of j 
mittee compiles a list of problems that requires | 
need solution. This list is periodicals id 
distributed to all of the leading univers! The sic 
ties of this country. at a 45° | 
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The Council 

The Council itself is composed of som 
20 leading executives interested in © 
search. They are selected because their 
position and standing lend weight to the 
Council and assit in the financing of the 
work of the Council. Actual appoit 
ments are made by Engineering Founda 
tion for a three-year term. Changes ™ 
the make-up of the Council are made to 
keep the group active and of sufficient 
standing to maintain the prestige of the 
Council. 

In order to free itself of a mass of detail 
involved in the operation of a projec 
considerable size, the Council, after yea? 
of experience, has formulated certail 
policies and procedures of which the fol 
lowing are merely indicative: 
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1. It appoints a competent 
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committee representative 
of the branches of science 
engineering involved, and o! y 
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some other Engineerins Society 
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Press Welded Design 
Stronger, Lighter, More Economical 


d, By K. A. Ruger, President 
ct Ruger Equipment Co., Inc., Cleveland 14, Ohio 


at OLLOWING the modern trend in machine design, the 
mm Ruger 10-ton portable hydraulic arbor press was de- 


ni 
ob jgned for arc welded steel construction for two reasons: (1) 
si because we have found arc welding is generally the most eco- y 
. omical fabricating process; (2) to achieve the greatest strength 
~ rom the least weight. The Ruger press can easily be moved 
ren ° 
th rom place to place by one man as the total weight is only 
ind 100 lbs. 
“ Fig. 1 saows the component parts. The plates are SAE 1020 oo 
the 
th nild steel, cut out on a flame-cutting machine guided by - 
me mplates. The two side plates are braked to a 11%” offset so 
1 re ey are closer together at the top. The base angles are formed 
_ un 84” flat plate on a brake and the corners rounded on the 4 
ume-cutter. The cylinder cover is seamless steel tubing bored 
the t to take the hydraulic cylinder. 
: sides, angles, space ate and cylinder cover z - - — 
The ide angl s, spacer plate and re Fig. 2. Welding cylinder cover to the side plates. 
tter enbled in a jig and tack-welded together. Nearly all welding , 
atio lone in this jig, which is tilted to various positions for 100% then removed from the jig, turned upside down and the angles 
cf wnhand welding. Fig. 2 shows the cylinder cover being joined to bottoms of the side plates with deep groove butt welds. 
ided to the side plates. : 
com The cylinder welds are then ground down flush with the 
ri . Maximum welding speed is obtained by using Lincoln sides, and the other welds cleaned with a grinder. The hydraulic 
ar tleetwelding”’ technique—single pass, deep penetration welds pump assembly is installed and a 16-gauge sheet metal cylinder 
overs downhand position. “Fleetweld 11” electrode is used be- cap is welded on with “Fleetweld 7,” which makes a convex 
Com use of its speed, penetration and smooth concave bead which bead for a neat, rounded appearance. Then the unit is painted 
» that requires little finishing. and crated. 
licalls 
‘versi The side plates are welded to the base angles with the jig Fig. 4 shows the completed press. Its overall dimensions are: 
ta 45° angle (Fig. 3) to make single-pass fillets. The spacer 2314” high, 11144” wide and 20” long from front to back. The 
ite is welded to sides with 1” intermittent welds and the ends throat height is 11” and ram stroke is 654”. Ram automatically 
the base angles are butt-welded to the sides. The press is retracts to top position by a built-in counter balance. 
f som 
in re 
e thei 
to the 
of the 
ppoint: 
‘ounda 
nges 
nade to 
ifficient 
of 
of detail ’ 
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er year$ 
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Fig. 1. Component parts of the Ruger Press. Fig. 3. Welding base angles to hig. 4. Lhe completed press. 
side plates. 


The above is published by LINCOLN ELECTRIC in the interests of progress. 
For Studies in Machine Design, write The Lincoln Electric Company, Dept. 1210, Cleveland 1, Ohio. 
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THE ORIGINAL and BEST 


This outstanding Marquette A.C.-D.C. Nickel Rod is a copper- 
nickel alloy with a special heavy coating which gives excellent welding 
characteristics of fine grain, tight and strong welds. Safe to use. . 
there are no injurious fluoride fumes to harm eyes, nose or throat. 


MACHINEABLE CAST IRON WELDS 


Makes perfect bond to parent metal and leaves a soft, close grained 
Machineoble weld on all types of metal without pre-heating. Thoroughly 
Machineable . . . you can easily drill or mill it. There is a complete 
absence of porosity, slag inclusion or hard spots and it matches parent 
metal perfectly. 


NO PRE-HEATING 


Saves hours of work on machineable cast iron welding jobs. May 
also be used for welding cast iron to steel, copper to steel and monel 
metal. 


WORTH ITS WEIGHT IN GOLD 

Marquette Nicol-Rod No. 44 has been used for years in shops and 
foundries for salvaging expensive castings which otherwise would be 
rejected because of blow holes, and sand pockets. It is truly a money 
saver in maintenance and production for repairing castings inexpen- 
sively. 


USE ALL MARQUETTE ELECTRODES 


Take advantage of Marquette’s Know-How and use the many other 
famous Marquette Electrodes. Buy the Rod-Pak, Weld-All Kit . . . or 


buy the Carload! Single order quantity discounts on 250 pounds and 
over. 


SOLD EXCLUSIVELY THRU THE 
NATION’S LEADING DISTRIBUTORS 


ETE EQUIPMENT 


A CARC WELDERS ELECTRODES 

MFG. CO. OXY-ACETYLENE WELDING & CU 
MINNEAPOLIS 14, MINN, 
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adequate representation is aly 


secured from this group. 


2. It encourages Project Committes 


to make a critical survey of tt; 
literature, or by other methods 
secure an adequate knowledy 
of what has already been done jp 
the field, and particularly by th. 
most authoritative workers. 

3. It requires the Project Committe: 
to prepare careful annual Pro. 
grams and budgets. ' 

4. It requires quarterly progress r. 
ports including financial state 
ments. 

5. It encourages publication of results 
by the research workers, and, jf 
advisable, also the preparation 
of supplementary interpretatiy 
reports by the Committee. 


Briefly summarized, the Council ap 
points a representative competent project 
committee, delegates its authority to the 
committee and requires a reasonable ac- 
counting of stewardship. 

After several years of operation, in one 
way or another, it often becomes obviou 
to the Project Committee that some re 
organization, change in direction of a 
tivities or wind-up of its work is necessary 
The Council seeks the recommendation 
of the Committee as to its future, whichis 
very often supplemented by the opinion 
or wishes of the principal contributing 
interests. 


Raising of Funds 


Experience has indicated that less that 
20% of the funds needed by the Coun 
can be secured unearmarked. This leaves 
more than 80% of the funds contribut 
for specific projects and in most cases for 
definite programs and specific laboratories 
The 20% of unearmarked funds must ® 
sufficient to cover the operations o! 
University Research Committee, the Lit 
erature Committee and several other Co 
mittees which do not have large bucge's 
warranting special efforts for separ! 
financing. These committees of coum 
control their own expenditures once ' 
funds are assigned. 

Out of the unearmarked 20°; this leaves 
some $35,000 annually for which er 
Council itself must assume the respon 
bility of administration. This vane 
turn covers publications, records, °U?™ 
cation and distribution of reper 
ministrative salaries, rent, etc 


Advantages of Affiliation with 
Foundation 


The fact that the Welding Reset’ 
Council is successor to the Americal > 
reau of Welding provides an inter="" 
historical background which explaims 
the Council was organized under = 
gineering Foundation and tlic advantas 
of such affiliation. 

When the Ammrican WE5LDIN® 
CIETY was organized in 1919 
growth of the Welding Comma 
Emergency Fleet Corp. of Worl ne 
it was natural to make research ee 
its activities, and for that purpose * 
known as the American Bure 
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All known types of bond strength tests on 
Lukens Stainless-Clad Steels add up to this: 
bond strength equals or exceeds that of the 
steel backing plate. The results of one such 
type of test—a standard ASTM-ASME 
shear strength test made at the bond line 
on stock plates taken at random—are tabula- 
ted below. 

The Lukens method of manufacture assures 
this permanent bond. It also provides a 


uniform thickness of cladding—a matter of 
prime importance in fabrication. 

There is a whole family of Lukens Clad 
Steels—the widest variety of claddings avail- 
able anywhere. For information on Lukens 
Stainless-Clad Steels, write for Bulletin 338: 
on Lukens Nickel-Clad, Inconel-Clad and 
Monel-Clad Steels, ask for Bulletin 255. 
Lukens Steel Company, 407 Lukens Building, 
Coatesville, Pennsylvania. 


Shear Strength of the Bond in 
Lukens Stainless-Clad Steel Piates in the Annealed Condition 


> Shear Strength *(psi) 
Type Gauge 
Cladding Minimum Maximum 
304 4" 20 44,900 54,900 
316 4" 20 46,400 52,600 
316 3” 10 10,700 55,900 
347 4” 10 44,400 48,000 
410 10 42,200 47,300 


*ASME specified minimum shear strength of clad steel bond is 20,000 psi. 


e on 1S ermalh en 
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Nickel Clad Stainless-Clad 
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ing was organized as the research depart- 
ment of the Society. As it proved very 
difficult to obtain the necessary financial 
and other support, after one year the Bu- 
reau was reorganized as the Joint Advi- 
sory Bureau on Welding Research and 
Standardization of the AMERICAN WELD- 
ING Socrety and The Engineering Divi- 
sion Of the National Research Council. 
To meet some of the objections of the 
first year of operation, other interested 
technical and scientific societies were 
invited to appoint official representatives 
on the Bureau. The Bureau under this 
new setup was fairly successful, but in 
all probability its greatest achievements 
were such by-products as: 


The demonstration of the advan- 
tages of cooperative research; 
The establishment of research cen- 
ters and the training of young 

men in welding research; 

The demonstration of the relative 
effectiveness of scientific research 
as contrasted with ‘‘cut and try” 
methods. 


In 1926 the standardization activities 
of the Bureau were taken over by the 
AMERICAN WELDING Society. In 1933 
because of a serious loss in income, the 
National Research Council asked the 
Society to assume sole responsibility for 
administering the affairs of the Bureau. 
Unfortunately, the Socrery, because of 
the limitations which have been set forth 
in other documents, failed to operate the 
Bureau successfully and, in 1935, joined 
with the A.I.E.E. in organizing Welding 
Research Council under Engineering Foun- 
dation. 

Engineering Foundation was _ estab- 
lished by the Civil, Electrical, Mining and 
Mechanical Engineering Societies for the 
conduct of cooperative research, and Weld- 
ing Research Council was successful from 
the very outset as indicated by the growth 
of its annual budget from $5000, repre- 
senting a contribution of Engineering 
Foundation, to over two hundred thou- 
sand dollars. 

Welding cuts horizontally across the 
entire metal working industry. The 
problems created by welding are, because 
of their applications, of interest to nearly 
all branches of engineering. These 
branches are represented by Engineering 
Societies. These organizations could, of 
course, undertake to do their own welding 
research, but there would be a waste of 
time, talent, research facilities and money, 
as most of these problems involve a com- 
mon background of science. The parent- 
age of Engineering Foundation provides 
a ready mechanism for bringing together 
these groups, along with the trade associa- 
tions that permit the financial backing of 
these industries. The Council is now 
sponsored by the AMERICAN WELDING 
Society, American Institute of Electrical 
Engineers, American Institute of Mining 
and Metallurgical Engineers, American 
Society of Civil Engineers, American 
Society of Mechanical Engineers and the 
Society of Naval Architects and Marine 
Engineers. 

Research projects are set up in such a 
way that these Engineering Societies and 


Trade Associations can look upon specific 
project committees as in effect their weld- 
ing research committees. 

All these arrangements serve the in- 
terests of the AMERICAN WELDING So- 
CIETY to a remarkable degree. It would 
take too muck time and space to cover 
this point of view adequately. In outline 
form the continuing of the independent 
setup of the Council offers the AMERICAN 
WELDING Society the following advan- 
tages: 


1. It facilitates the financing of many 
important research projects in 
welding and allied fields, which 
the Society alone would find it 
difficult to finance. 

It facilitates the cooperation of 
Scientists, Universities, Engineer- 
ing Societies, Trade Associations, 
Governmental Departments and 
similar bodies abroad. 

It assists in the Educational Pro- 
gram of the Society aimed at 
other Engineering Societies and 
Engineers, and promotes the 
economic and safe use of welding. 

It assists in the promulgation of 
suitable codes in fields where the 
AMERICAN WELDING SOCIETY 
does not and could not have the 
sole responsibility. 

It prevents unnecessary duplication 
and increases the chances of the 

successful solution of complex 
problems involving many 
branches of science and industry. 

It enhances the prestige of the So- 
CIETY and the Welding Industry, 
which is the ultimate recipient of 
the benefits of all of this research 
work. 

Finally it is a cooperative research 
organization, and its success is 
unquestionably due in large part 
to its broad cooperative setup. 


MORROUGH P. O’BRIEN JOINS 
AIR REDUCTION ENGINEERING 
STAFF 


Morrough P. O’Brien, former dean of 
engineering of the University of Califor- 
nia, has joined the engineering staff of 
Air Reduction Co., Inc., according to a 
recent announcement by C. S. Munson, 
President. 

Mr. O’Brien will be in charge of general 
and process engineering and, on October Ist, 
will assume the direction of liquefaction 
research. 

Mr. O’Brien is a graduate of Massachu- 
setts Institute of Technology and the 
author of numerous works on engineering 
subjects. During the war he participated 
in the design of the electro-magnetic plant 
at Oak Ridge, was a consultant to the 
Bureau of Ships on problems of under- 
water sound, landing craft design and 
amphibious landings. He also served as 
consultant to Joint Task Force on Opera- 
tion Crossroads which culminated in the 
atom bomb tests at Bikini Atoll. 
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CATALOG ON ACCIDENT-PREVENTION 
EQUIPMENT 


The 86-page illustrated Catalog No. 5 
is a veritable Encyclopedia of information 
on Industrial Safety and Accident-Prevep. 
tion equipment—it tells what kind of 
Gardwell safety clothing or equipment to 
use to meet a specific accident-prevention 
need. Describes and illustrates hundreds 
of safety items—Gardwell asbestos, lea. 
ther and rubber gloves and mittens—as. 
bestos, leather, fireproofed duck, plastic 
and synthetic impregnated duck clothing— 
pants, coats, jackets, overalls, aprons, 
sleeves, hats, leggings, etc. Also helmets, 
hoods, faceshields, belts, shoes, grinding 
shields, machine guards, acid-handling 
equipment and hundreds of other Gard 
well items too numerous to mention here 
Write The Safety Clothing and Equip 
ment Co., 7016 Euclid Ave., Cleveland 3. 
Ohio 


STRESS ANALYSIS MEETING 


The Annual Meeting of the Society for 
Experimental Stress Analysis will be held 
at The Hotel Pennsylvania, New York, 
N. Y., on December 4, 5, 6, 1947. 

Inquiries should be addressed to the 
Society for Experimental Stress Analysis 
P. O. Box 168, Cambridge 39, Mass 


COMPRESSED AIR HANDBOOK 
PUBLISHED BY COMPRESSED AIR 
AND GAS INSTITUTE 


Compressed Air Handbook, first editiot 
published by Compressed Air and Gas 
Institute, New York, N. Y., 400 pages 
6 X 9 in., 247 illustrations, including 
photos and drawings; stiff-backed, simu- 
lated leather cover, gold embossed; price, 
postpaid, anywhere in United States, 
$3.00 per copy; elsewhere $3.50. 

Compressed Air Handbook is published 
to meet widespread demands for a refet 
ence text on applications, installation 
operation and maintenance of compressilig 
equipment and air-powered tools of all 
types. In addition to making available 
mass of new and original data not heret 
fore published in a single volume, the 
handbook contains, in revised and m 
proved form, all of the standard reference 
material formerly published as “Trad 
Standards.”” Included are  defimitims, 
test standards and numerous basic tab 
and formulas. 

The object in editing Compres ed Ait 
Handbook was to provide a comprelens'* 
volume of reference data which would 
meet technical and engineering needs “wr 
at the same time, serve the |ayman a 
student with information on the wide ve 
satility, flexibility and utility of modern 
compressed air power. = 

Compressed Air Handbook represent 
the collective knowledge, 
thought of the 19 member companies & 
the Compressed Air and Gas Institute, 
was compiled over a 2-yr. period as 4 J 
activity of the Institute’s educational ane 
technical committees. 
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FOR CAST IRON 950°—1400° F 


Universal rod for repair and construction. High 


tensile welds, no porosity, highly machinable. Stress 
and distortion minimized. 


FOR STEEL, MALLEABLE & GALVANIZED 
IRON  1390°—1600° F 


Universal alloy for fabricating and repairing parts 
of any type of steel. Low melting and highest 


tensile strength. (3 times stronger than silver solder 
or brass.) 


FOR STEEL, BRONZE, COPPER 1390°—1600° F 


Widely used for all work on copper alloys and to 
weld these to ferrous metals. Low melting, easy to 
apply, high tensile, non-porous. 

Also EUTECROD 183 F-C for copper, 

EUTECROD 184 F-C for copper (corrosion) 


FOR OVERLAYING, JOINING CAST IRON, 
STEEL, BRONZE 1000°—1200° F 180-234 Brinell 


Does everything bronze welding can do and more! 
Tougher, easier to apply and lower bonding. 


Also EUTECROD 1 F-C for very hard wear-resistant 


overlay on steel. EUTECROD 5 F-C for very hard 
wear resistant overlay on tools, dies, etc. 


FOR ALUMINUM SHEET AND TUBING 950°F 


Low melting alloy makes aluminum welding a 
cinch. Smooth joints, perfect color matching, good 
corrosion resistance. Extremely fast, easy to apply. 


Also EUTECROD 21 F-C for Aluminum shapes, tubes, 
butt joints. EUTECROD 210 F-C for cast Aluminum. 
950°—-1050° F. High tensile, easily applied. 


If it's welding — ask EUTECTIC! 


eds and 


nan ane The only organization specializing in research and manu- i DEPT. WJ-10 
pide ver facture of weld material for all processes and materials. ; 0 Please send me Ibs 
E of each of the following F-C EutecRods No 
ait af 
ute, and : [] Please send folder on complete line of F-C Rods 
pape ECTIC WELDING ALLOYS CORP. ; [] Have your local Field Engineer call and demonstrate 
Originators and pioneers of Low Temperature : 
WELDING ALLOYS* 
pOBER 40 WORTH STREET, NEW YORK 13, N.Y. COMPANY. 
OF, 


160 Field Engineers in all principal cities of ADDRESS 
the United States and Canado to serve YOU. 
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AMERICAN STANDARDS 


An entire new listing of its 874 stand- 
ards is now available free of charge at the 
American Standards Association and may 
be obtained from their office, 70 East 
45th St., New York 17, N. Y., P. G. Agnew 
vice-president of the American Standards 
Association announced recently. 

The new listing of American Standards 
includes prices which are revised slightly 
upward, because of increased production 
cost, Dr. Agnew said. 

A number of additional revised stand- 
ards approved since the January 1947 
issue of all American Standards are in- 
cluded. 

Under the new price listing a complete 
set of all American Standards comes to 
$200 and a complete set of all American 
Safety Standards costs $32.50. 

Customary quantity discounts are al- 
lowed in the new catalog. These range 
from 20 to 45% for various quantities up 
to 1000. 

The foreword to the catalog says: 
“These standards are used throughout 
industry and by municipal, state and fed- 
eral governments. Manufacturers use 
them to facilitate production operations 
or lower production costs, or to eliminate 
controversies between buyer and seller, 
or to raise the level of their industry by 
eliminating misrepresentation—consumer 
groups, as a yardstick to measure the merit 
of the things they buy—government 
agencies, in their capacity as buyers or as 
protectors of the public interest.”’ 


GIESEY PROMOTED 


Boyd V. Giesey, formerly Senior Design 
Engineer for Taylor-Winfield Corp. and for 
the last two years in charge of the Flash 
Welder Division of Progressive Welder 
Co., 3050 E. Outer Drive, Detroit 12, 
has"been named to head all sales of Pro- 
gressive Welder Co. resistance welding 
equipment in the state of Michigan north 
of Detroit. 

Mr. Giesey is opening new offices at 320 
S. Larth St., Lansing, Mich., telephone, 
Lansing 4-9516. He will be assisted in 
the new operation by Robert O. Wight, 
formerly Welding Applications Engineer 
for Progressive Welder Co. He is a mem- 
ber of the AMERICAN WELDING SocIETY. 


NEW BOOKLET ON WELDING OF 
NICKEL ALLOYS 


A new 16-page booklet on the materials 
required for the metal-arc, oxyacetylene 
and submerged meltwelding of nickel and 
the high-nickel alloys has been published 
by The International Nickel Co. Also, it 
lists such general information as the type 
of welding rods to use, recommended am- 
perages for electric-arc welding, and the 
proper flux to select for gas welding and 
brazing. Information also is included on 
technical booklets on the subject of weld- 
ing of the high-nickel alloys and sources of 
supply for electrodes and gas-welding 
wire. It is being distributed without 
charge. 


BUILT-UP BENDING DIE COSTS LESS, 
LASTS LONGER 


By “laminated” fabrication of the larger 
element of this two-operation bending die, 
Lincoln Electric Co. engineers have doubled 
its life while cutting its production cost by 
60%. 


The bending die, used on a 500-ton press 
built by The Hydraulic Press Manufactur- 
ing Co., Mount Gilead, Ohio, bends the 
ends of strips of !'/)s-in. plate, then closes 
the strip imto ring form for welding as 
exciter frames. 

The cylindrical die element used for 
closing was conventionally machined from 
toolsteel, while the larger bending element 
was built up by welding together a num- 
ber of 1-in. plate sections which had been 
flame cut to contour to produce both male 
and female halves in a single operation. 
Wear points were protected with Lincoln 
A.-C. Abrasoweld to complete operations 
on the long-life, low-cost die members. 

Actual production has proved the 
superiority of the laminated construction 
over the conventionally produced element, 
for this type of bending and forming. The 
wear-resistant welded surface has permit- 
ted the handling of stock with exception- 
ally rough and heavy scale, as well. 


FRACTURING OF METALS 


A seminar on “Fundamental Relations 
in the Fracturing of Metals,’’ sponsored by 
the American Society for Metals and co- 
erdinated by the Case Institute of Tech- 
nology, Cleveland, will be held as a special 
two-day technical program of the A.S.M. 
Annual Meetirig to be held in Chicago in 
October of this year. Sessions will be held 
at the Palmer House on Saturday and 
Sunday, October 18th and 19th, as a part 
of the 29th Annual National Metal Con- 
gress and Exposition. 

According to an announcement made to- 
day by W. H. Eisenman, national A.S.M. 
secretary, the seminar will be conducted 
during morning, afternoon and evening 
periods on both days. 

“The A.S.M.,” said Mr. Eisenman, “is 
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fortunate in having the assistance of Cag , 
Institute of Technology in arranging thi: Ii [ 
program. The seminar should be exceed. iy 
ingly valuable in contributing to the gen. iim bia 
eral fundamental knowledge on the subject 
It is our feeling that such a first-hand ey 
change and discussion of view is the mos 
efficient method of gaining a better under. 
standing of the fundamental factors 178¢ 
this particularly complex subject. 


“The speakers will not present paper 
as such, but rather will they give talks 
on fundamentals, based upon the larg 
amounts of research and analysis in which 
each has actively engaged. Subject mat 
ter has been split up and each phase ha 
been assigned to a speaker who is an author 
ity in that particular field. The firg 
choice of the speakers was made from thog 
persons who have been concerned recently 
with the evaluation of results obtained i 
this field, rather than from those who hay: 
done particularly interesting experiment, 
work in the field. In many cases, however 
the speakers are also among the outstand 
ing experimenters. This method of pres 
entation should afford a complete an 
authoritative coverage of the over-all rels 
tions.” 


An analysis of the program reveals tha 
five definite sessions have been outlined 


They concern the fundamental relation DIAL 
involved in the fracture of metals, tk as 


fundamental factors and discussions 
methods for determining and evaluating 
fundamental relations and factors. 


On Sunday evening at 6 P.M. a dinna 
will be held in honor of Dr. P. W. Bridg 
man of Harvard University, 1947 wins 
of the Nobel Physics Prize. The Harva 
professor will also speak at the Sunda 
morning meeting. 

Chairmen of the five meetings inclu 
Dr. George Sachs, Case Institute of Te 
nology, Cleveland; Dr. L. N. Dons 
Illinois Institute of Technology, Chicag 
Dr. Cyril S. Smith, University of Chicag 
Chicago; D. F. Windenburg, David 1 
lor Model Basin, Washington, D.C.; 


Finn Jonassen, National Research Coust With h 
Washington, D. C.; Dr. J. H. Hollome Precisic 
General Electric Co., Schenectady, ».! stainles, 


Dr. L. E. Grinter, Illinois Institute f 
Technology, Chicago; Dr. Maxwell & 
samer, Pennsylvania State College, > 
College, Pa.; Dr. W. P. Roop, Swat 
more College, Swarthmore, Pa.; 
J. E. Dorn, University of California, 5 
ley, Calif. 


Prominent speakers who will appe 
the various meetings include Dr. 6 
mer, Dr. Clarence Zener, Univesst! 
Chicago; Dr. Dorn; Drs. Sachs and i 
lomon; I. G. Slater, British Admiral 
Delegation, Washington, D. C.; 
Parker, University of Californa, 
Roop; P. Shearin, University of 
Carolina, Chapel Hill, N.C.; P. Syme 
Naval Research Laboratory, Washing 
D.C.; Dr. Bridgman; J. Maria, Pe 
vania State College, State Colles’ 
J. D. Lubahn, General Electtt 
Schenectady, N. Y.; E. Saibel, oe 
Institute of Technology, Pittsburg! 
E. S. Machlin, National Advise 
mittee for Aeronautics, 
and Dr. George Irwin, rval Rew 
Laboratory, Washington, 1. © 
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“BI EST THERE 1S” by Customer Preference 


NEMA 3B 


NATIONAL 
WELD 
TIMERS 


FOR 1948 
Made for Every Type of 


NEMA 3B 
1780 Series 


‘hor 

first 
hose 
ently 


Resistance Welding Control. 
= . The VISIBLE WAY— 
tand The ECONOMICAL WAY A low cost production timer for 
long runs and lots of welds. Thousands in 
2 Lowy Maintenance * Long Life use in automobile and sheet metal plants. 
rela 
* No Variables * No Lag * 
Is thal No Temperamental Relays, 
DIAL SET Precision. Complete se- Condensers or Resistors that 
aay uence panel for squeeze, weld, hold e 
Are Allergic to Weather and 
ons 
Temperature. 
ae Choose NATIONAL—and You 
 dinne 
Choose the BEST 
 winne 
Harvar 
Sunda VISIT THE METAL SHOW 
October 18 to 24, 1947 
; inclu AT CHICAGO 
of " See this Equipment in Operation A NEMA 58 interrupter Weld-timer, 
on BOOTH No. 2435 in 1540 Series. Variable ‘“‘on” and “off” 
time. 
Chic ag 
NATIONAL NEMA IA and 1B TIMERS 
h Cou With heat control, Type 1841P Duo-Trol FOR SMALL WELDERS 
Hollom Precision Weld-timer for aluminum and 
dy, N.Y stainless steel. 
stitute 
cwell 
lege, sul 
Pp, Swart 
: and 
nia, Bets 
appeat 
Dr. 
niverstty 
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Admiral 
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NEMA 7B or 9B 


NEMA 3B 


Extensively used on welding guns at 
high rates of speed. Single spot, or re- 


Series. Press-weld. Non-synchro- 
‘us Sequence type, to control clamps, 
= weld and off time. Also made 

synchronous drive in the 1800 Series. 


peat operation. 


RPORATION | 
mm 21800 WYOMING AVENUE 20, MICHIGAN 
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NEW LITERATURE AVAILABLE 


The current issue of the Eutectic Welder, 
published by the Eutectic Welding Alloys 
Corp., is now available. 

The magazine is entirely given over to 
the new Eutectic development, ‘‘Ready- 
Flux-Coated’’ EutecRods for gas welding. 
These new ‘‘Ready-Flux-Coated” rods 
are a major advance in the gas-welding 
field. Because the proper amount of flux 
is already on the rod, the necessity for a 
separate fluxing operation is eliminated. 
The continuous presence of flux ensures 
instantaneous bending at the lowest pos- 
sible temperature and improves the quality 
of the deposited metal. Not only are the 
physical properties improved but a tre- 
mendous saving in flux is made. This 
special flux coating does not require the or- 
dinary brush fluxing, except in long lap 
joints, and this eliminates the slap-dash 
manual coating that so often in the past 
involved costly waste. There is no danger 
of running out of flux before a job is com- 
pleted because the exact amount is on 
each individual rod. The ‘“‘Ready-Flux- 
Coated”” EutecRods reduce the amount 
of welding metal used and ensure a smooth, 
ripple-free flow. 

Now ‘‘Ready-Flux-Coated” EutecRods 
are available for all types of metals such 
as cast iron, steels, brass, bronze, copper, 
nickel, aluminum and magnesium. 

You may obtain a copy of this publica- 
tion by writing to the Eutectic Welding 
Alloys Corp., 40 Worth St., New York 13, 
N. Y. 


LINCOLN ELECTRIC APPOINTS TWO 
NEW DISTRICT MANAGERS 


A. F. Boucher, welding engineer for 
The Lincoln Electric Co., handling special 
accounts in the Detroit area, has been 
transferred to become district manager 
for the Milwaukee office at 733 N. Van 
Buren St., Milwaukee, Wis. Mr. Boucher 
served in the Army from 1942 to 1945 in 
the Armor and Welding Section, Engineer 
Branch, Office Chief of Ordnance. This 
office was responsible for all welding and 
armor specifications for tanks, combat 
vehicles and aircraft. Mr. Boucher 
started with The Lincoln Electric Co. in 
1936, the year he graduated from Ohio 
State University, and until he left to 
enter the service was continuously active 
in developing the use of welding in the 
Detroit field. Mr. Boucher was respon- 
sible for many of the late applications of 
are welding in the automotive industry. 

Marshall Ford has been made district 
manager for The Lincoln Electric Co.’s 
Minneapolis office at 529 S. 7th St., 
Minneapolis, Minn. Mr. Ford has been 
a welding engineer for The Lincoln Elec- 
tric Co. since 1941 in the Pittsburgh dis- 
trict. He has been active in the develop- 
ment of welding applications in the steel 
and mining industries. Before coming to 
Lincoln he spent three years working for 
the Inland Steel Co. in Chicago. Mr. 
Ford is a graduate of Western Reserve 
University, class of 1938. 


Both Mr. Boucher and Mr. Ford are 
members of The AMERICAN WELDING 
SocIerty. 


WORLD’S LARGEST MECHANICAL 
PRESS BRAKE 


Completion of the world’s largest-me- 
chanical press brake is announced by the 
Warren City Manufacturing Co., Warren, 
Ohio, leading manufacturer of mechanical 
and hydraulic presses and press brakes. 
The first unit is being delivered to the 
McKeesport, Pa., plant of the Jones & 
Laughlin Steel Corp., whose engineers 
cooperated. 

Of fully stress-relieved welded steel con- 
struction, the ‘‘Warco”’ press brake weighs 
in excess of 500,000 Ib. without dies. The 
machine is designed to exert a pressure of 
over 1000 tons for bending to a right angle 
in a single stroke steel plate 5/; in. thick in 
lengths up to 36 ft. The brake, which 
makes 15 strokes per minute, has all mov- 
ing parts counterbalanced by air cylinders. 
The machjne’s flywheel, weighing over 
10,000 Ib., and rotating at 450 rpm., is 
driven by a 75-hp. electric motor. This 
huge machine is controlled by an operator 
stationed at a finger-tip control electrical 
push button station. Setting of the ram 
is also electrically controlled by means of a 
push button control with indicators show- 
ing the exact ram setting within one-thou- 
sandths of an inch. All lubrication is 


* centralized from one position. 


Owing to the great weight and size of the 
unit, over 36 ft. long, 16 ft. front to back 
and 20 ft. high, the brake is being disman- 
tled for shipping in five separate freight 
cars. The four bodies, each weighing 
over 50,000 Ib. are being shipped in special 
well cars so as to provide sufficient clear- 
ance. 
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LINCOLN FOUNDATION ANNOUNCES 
RULES OF ANNUAL ENGINEERING 
UNDERGRADUATE AWARD AND 
SCHOLARSHIP PROGRAM 


The Trustees of The James F. Lincoln 
Arc Welding Foundation announced today 
the rules of their Annual Engineering 
Undergraduate Award and Scholarship 
Program. This program started in 1942 
but was interrupted by the war. Recently 
upon the advice of the Deans of Engineer. 
ing of a number of prominent engineering 
schools, it was decided that the time had 
arrived when the program should be re. 
sumed. 

Dr. E. E. Dreese, Chairman of the 
Board of Trustees, in making the an- 
nouncement stated: ‘‘The future of engi- 
neering rests with the present under- 
graduate engineering students. The engi- 
neering students of today will bring forth 
the new inventions, designs and develop- 
ments of tomorrow. 

“The great contributions of arc welding 
to the prosecution and winning of the late 
war and the many ingenious and economic 
applications of this process to peacetime 
construction, mark it as such a great 
contribution to new engineering that the 
undergraduate engineering student should 
familiarize himself with its possibilities 
in the design and maintenance of ma- 
chinery and structures. The oncoming 
students in engineering institutions will 
develop yet newer designs through the use 
of arc welding, for the advancement of en- 
gineering work throughout the world. 

“In order, therefore, to place these 
possibilities before the undergraduate 


engineering student, and to stimulate his 
imagination, ability and vision through 
the study of arc welding in design and 
maintenance, The James F. Lincoln Arc 
Welding Foundation sponsors this series 
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Designers, engineers, foundrymen, metallurgists, 
quality-control men, radiographers, welders . . . 


a NEW book 
that will answer your 
questions about x-ray 
practice and technics 
.--Cearly, quickly, 
authoritatively. Price $3. 
Order your copy now. 


— the covers of this book is a complete, authori- 
tative x-ray text... an invaluable answer book on 
practical x-ray questions. It gives industrial x-ray users 
the most up-to-date 
data available! 


. . the most clear-cut operating 


Every important phase of radiography is thoroughly 
discussed in its 122 pages. Data are completely backed up 
... by 64 highly illustrative photographs . . . 38 colorful 
drawings . . . 44 newly published, clearly presented tables 
and charts! 

This material gives you the answers to questions like 
these: How can I get higher contrast and better detail visibility 
in my radiographs? ...Can I improve sensitivity by process- 
ing longer? ... Can I increase penetration with intensifying 
screens? . . . Is agitation during development important? 


Here is your guide to more efficient x-ray results. Order 
your copy of “Radiography In Modern Industry” from 
your local x-ray dealer. 

EASTMAN KODAK COMPANY 
X-ray Division ° Rochester 4, N. Y. 


BER Radiog rd phy. .. another important function of photography 
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of $6750 Annual Engineering Under- 
graduate Award and Scholarship Pro- 
grams.” 

This Program contains two interde- 
pendent plans: The Award Plan and the 
Scholarship Plan. Under the Award 
Plan, engineering students of various 
engineering schools and colleges will sub- 
mit papers on arc-welded design and the 
use of welding in maintenance of ma- 
chines and structures. Under the Schol- 
arship Plan, scholarships will be allocated 
to the schools in which the three highest 
award recipients under the Award Pro- 
gram are registered. 

Awards for papers will be as follows: 


Total Amount 
of Awards 


Amount of 
Each Award 
$1000 
500 
250 
150 
100 

50 
25 


Number of 
Awards 


$5000 


The Scholarship Plan is as follows: 

The institutions in which the three top 
awards are made to students will receive 
amounts of money equal, respectively, to 
those awards. These amounts are to be 
used for the purpose of scholarships in the 
departments in which the award students 
are registered. 

Use of Scholarship Funds: The de- 
partment of the institution in which the 
first award winner is registered will re- 
ceive $1000 for four annual scholarships 
of $250 each. 

The department of the institution in 
which the second award winner is regis- 
tered will receive $500 for two annual 
scholarships of $250 each. 

The department of the institution in 
which the third award winner is registered 
will receive $250 for one annual scholar- 
ship of $250. 


Total 
Amount of Amount of 
Each Scholarship 

Scholarship Funds 
$250 
250 
250 
250 


Number of 
Scholarships 


Students’ papers are to deal with de- 
sign for are welding of parts of machines, 
complete machines, trusses, girders, struc- 
tural parts, or their maintenance. 

It is not necessary that the machine, 
structure or part be actually built, but the 
design or method of construction must be 
described:in the paper. 

The student need not necessarily adapt 
are-welded construction to a complete 
machine or structure but may choose any 
part of a complete machine or structure, 
now usually made by other methods, which 
could be made by this method of con- 
struction; or he may conceive of a ma- 
chine, structure or part which has never 
been built but could be built by are weld- 
ing. 

Resident engineering undergraduate stu- 
dents registered in any school, college or 


university in the United States, which 
offers a curriculum in any branch of engi- 
neering (including agricultural engineer- 
ing) or architecture leading to a degree and 
cadets registered in the United States 
Military Academy, United States Naval 
Academy and Coast Guard Academy are 
eligible to submit papers in this award 
Program. 

In rating the merits of the paper, the 
Jury of Award will give proper considera- 
tion to: 


Ingenuity and originality displayed. 

Clarity of design and description 

Practicability of the conversion de- 
scribed 

Technical completeness and thorough- 
ness 

Statement of advantages such as sav- 
ings in time or money or improve- 
ments in performance and _ social 
advantages, of the construction, or 
design, described in the paper, over 
other methods 

Presentation: correct use of English; 
quality of illustrations; mneatness; 
succirfct expression. 


The Rules of the Program were re- 
viewed and approved by the Deans of 
Engineering of fourteen prominent engi- 
neering colleges. Papers must be post- 
marked not later than midnight, May 15, 
1948, and awards will be announced as 
soon thereafter as is practical. 

Copy of the Rules and Conditions may 
be obtained by writing The James F. Lin- 
coln Arc Welding Foundation, Cleveland 
1, Ohio. 


INGALLS ADDS NEW SUSTAINING 
MEMBERS 


Alfred E. Pearson has been designated 
as the new sustaining member of the 
Ingalls Shipbuilding Corp. This com- 
pany has its principal office in Birming- 
ham, Ala., constructs all types of welded 
ocean-going and river vessels. Vessels 
recently completed include Luxury Liners, 
C-3 cargo ships, ocean-going dredges, 
derrick barges, towboats, oil and dry- 
cargo barges. One of its shipyards is 
located at Pascagoula, Miss., where 14 
welded cargo vessels for Brazil and 4 for 
Argentina are under construction. The 
Pascagoula Yard also builds Diesel loco- 
motives and fabricates a variety of struc- 
tural steel and plate work. Another of 
its shipyards located at Decatur, Ala., on 
the Tennessee River, is building 25 self- 
propelled barges for the French Govern- 
ment and other river craft. 


METALS AND PLASTICS 


By Thomas P. Hughes. Published by 
Irwin-Farnham Publishing Co., 332 S. 
Michigan Ave., Chicago 4, Ill. Price 
$4.50. 373 Pages. The underlying pur- 
pose of this volume is to present a com- 
prehensive perspective of manufacturing 
processes with a detailed study of some 
of the more common metals, alloys and 
plastics so that the student will have an 
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understanding of their fundamental po. 
tentialities and a basis for selection. 

The first several chapters deal with 
Metals and Their Internal Structures, 
Equilibrium Diagrams, and Physical Prop. 
erties of Metals. These are designed to 
introduce the student to the basic struc. 
tures of ferrous and nonferrous metals and 
alloys and their properties. Then follow 
chapters on The Manufacture of Iron, 
The Production of Steels, Casting Proc 
esses, The Mechanical Working of Metals 
Nonferrous Metals and Alloys, Welding 
Processes, The Iron-Iron Carbide Equilib. 
rium Diagram, and The Heat Treatment 
of Metals. The final chapter classifie 
the various steels according to the A.I.S] 
and S.A.E. systems. 

The chapter on Plastics classifies these 
materials and discusses their composition, 
the processes by which they are formed, 
and the engineering applications and 
properties of the various types of plastics 
Glossaries of terms used in the text ar 
furnished in the Appendix. 


WELDING PETCOCK WRENCHES 


The flexibility with which resistance 
welding equipment can be adapted to 
specialized assembly problems in mas: 
production is illustrated by a simple weld 
ing ‘‘machine’’ devised at Progressive 
Welder Co., Detroit, Mich., for assembling 
“universal”? automotive radiator petcock 
wrenches. The machine was made up by 
converting standard portable spot-welding 
gun equipment to a stationary butt-weld 
ing ‘‘machine’’ by use of a special air 
clamping stationary fixture. With thisa 


production of 150 completed double 4% 
petcock wrenches per hour was obtained I 

The wrench consists of 2 U-shaped m 
steel stampings of different sizes weldee 


one to each end of a bent steel rod. >!mP* 
projection-welder type air-clamping 
hold the shank of the wrench. The 77 
jaws are dropped over specially !om™ 
electrodes of two standard hydraulic Pp" 
guns mounted in place. The 
the petcock wrench jaws up ‘0° the -— 
under welding pressure to form the serie 
butt weld. 
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AND GAS WELDING RODS 


EXPERIENCED FIELD SERVICE 
TO. RECOMMEND CORRECT 


COMPLETE RANGE ELECTRODES 


RODS AND TECHNIQUES 
SAVINGS IN WELDING COSTS 


This is the PaGE formula for economy in production welding. The 
uniformly high quality of PAGE welding electrodes and rods is not 
included, because that is simply taken for granted by experienced 
welders. 

Through PaGE Field Service Men, your PaGE distributor can 
give you valuable up-to-date information on welding techniques 
and selection of electrodes. That’s why we say... 


Get in Touch with Your PAGE Distributor 
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Clamping pressure is applied by means 
of a standard Progressive air cylinder 
controlled by an air valve mounted on the 
cylinder support where it is convenient to 
the operator. Balance of the equipment 
consists of standard 50-kva. portable gun 
welding transformer, a standard air- 
hydraulic booster to apply welding pres- 
sure and simple weld timer, mounted on a 
nearby wall to control the welding cycle. 
Electrodes, dies, cables and transformers 
are all water-cooled. 

The arrangement lends itself to maxi- 
mum operator comfort with high produc- 
tivity, an operator standing or being 
seated (it is just as easy either way) in 
front of each of the two guns. The oper- 
ator at the right loads the wrench shank 
and one jaw, and works the air-clamp con- 
trol. The operator at the left loads the 
other wrench jaw and initiates the welding 
cycle by pressing the palm switch, and 
unloads the completed wrench. 


“DUKE” HOWLAND MADE SALES 
MANAGER 


Metal & Thermit Corp. announces the 
appointment of O. L. (Duke) Howland as 
Sales Manager of its welding division with 
headquarters at 7300 S. Chicago Ave., 
Chicago, 

Mr. Howland came with the company 
in 1943 as District Manager of its Chicago 
branch. An alumnus of the University 
of Wisconsin, his first job was with a sur- 
veying party of the Phelps-Dodge Corp. 
in Mexico. During World War I he served 


O. L. (Duke) Howland 


in the Merchant Marine and from there 
entered the welding industry as a welding 
specialist for Central Steel & Wire Co. of 
Chicago. In 1924 he went with Lincoln 
Electric Co. as a District Manager in 
Indianapolis and two years later returned 
to Central Steel & Wire. From 1927 to 
1931 he was general manager of Koro 
Corp., a welding supply organization, and 
in 1932 joined the Hollup Corp. as Eastern 


Manager, returning to Chicago in 1936 
as its Sales Manager. During World 
War II he headed the War Production 
Board’s welding division in Washington. 
Mr. Howland is a member of the AMERI- 
CAN WELDING SOCIETY. 

As aide to Mr. Howland, Wm. C. Cuntz 
has been made Assistant Sales Manager 
of the corporation’s welding division with 
headquarters at 1514 W. North Ave., 
Pittsburgh, Pa. 


“TORCH BRAZING ALUMINUM” 


A 12-page reprint of an article entitled 
Torch Brazing Aluminum,” which origin- 
ally appeared in a recent issue of The Weld- 
ing Engineer has been announced by the 
Air Reduction Sales Co. Written by 
Harry A. Huff, Airco’s brazing specialist, 
the article encompasses the entire field of 
aluminum brazing. 

The article, illustrated with photo- 
graphs and descriptive diagrams, covers 
such topics as the advantages of aluminum 
brazing, types of aluminum, strength and 
corrosion resistance, filler metals and fluxes, 
cleaning procedure and production torch 
brazing. 

Copies may be obtained by writing Air 
Reduction Sales Co., 60 E. 42nd St., New 
York 17, N. Y., or the Airco sales office 
nearest you. 


$75,000 PRESSURE VESSEL RESEARCH 
PROGRAM 


Progress in the pressure vessel research 
program costing $75,000 a year, which has 
been undertaken by the Welding Research 
Council of the Engineering Foundation, 
was reported yesterday by Dr. A. B. 
Kinzel, chairman of the board of the 
Foundation. 

“The program aims at developing in- 
formation and data which will lead to 
better, safer and more economically con- 
structed pressure vessels,’’ said Dr. Kinzel. 

Walter Samans of the Sun Oil Co. con- 
tinues as chairman of the project’s general 
committee which is made up of 87 repre- 
sentatives of manufacturers and users of 
pressure vessels, insurance companies, 
educational institutions and branches of 
the U. S. government. The principal 
financial support is being provided by 
interested manufacturers and users of 
pressure vessels. 

The program, which was instigated by 
the Welding Research Council, secured the 
hearty support of industry and the co- 
operation of several engineering societies. 
The studies cover four phases of the prob- 
lem, design, fabrication, and testing and 
inspection. 


Design Receives Largest Allocation 


A sum of about $30,000 has been allo- 
cated this year to the study of pressure 
vessel design, Dr. Kinzel stated. A pro- 
gram of research has already started at 
Purdue University under the direction of 
Professor R. G. Sturm. 

“At present formulas for the design of 
different type of heads, openings and 
supports for pressure vessels vary greatly 
and there is no means of knowing the pre- 
cise factor of safety comprised in each,” 
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he continued. “Basic information to be 
assembled under the committee’s direc. 
tion will make it possible for designers to 
calculate precisely suitable thicknesses for 
these various parts, and for code-making 
bodies to modify their rules to insure pres- 
sure vessels which are both safe and 
economically constructed. 

“Where expensive materials are being 
used savings may amount to hundreds of 
hundreds of thousands of dollars and in 
other instances where failures may mean 
loss of human life, the value of the work 
cannot be overestimated.” 

The second largest phase of the research 
program is the fabrication division headed 
by H. C. Boardman of the Chicago Bridge 
& Iron Co. Approximately $20,000 has 
been set aside this year for such studies, 
some of which are already under way at 
Lehigh University. The purpose of this 
division is to secure information on the 
effect of fabricating processes on the ma- 
terials used so that code-making bodies 
may formulate rules for selection and pro 
curement of steels and correctly assign 
values of safe design stresses without 
necessarily penalizing the fabricator and 
eventual purchaser of the pressure vessel 

The materials division is headed by 
D. B. Ross heim of the M. W. Kellogg 
Co. The chairman of the inspecting and 
testing division is D. L. Royer of the Ocean 
Accident and Guarantee Corp., Ltd. The 
work of these committees consists a 
present of a critical review of existing 
literature. 

The central office for the Pressure Vessel 
Research Committee has been set up at 30 
Church St., New York, where administra- 
tive work is carried on and research re- 
sults correlated. 


Employment 
Service Bulletin 


SERVICES AVAILABLE 


A-552. Welding Engineer, Supervisor, 
and/or Instructor. Young, able and 
aggressive, with intelligence, personality 
and initiative: can furnish references to 


substantiate these seemingly ambitious 
claims. Background includes sales, prac 
tical welding experience, inspection and 
production testing of welding electrodes 
supervision and instruction of manual am 
automatic welding operators, drafting 0 


statistical reports, and preparation ot 
technical and nontechnical papers for 
publication. Presently employ: d but de 
sirous of better position. Now located » 
New York metropolitan area, but will 
travel if necessary. 


POSITION VACANT 


V-213. Executive Secretary, 
research committee. Applicant “a 
have experience preferably 1 all t 


following categories: pressure 
sign, metallurgy, welding resea! ch 
up to $7500, depending on experienc 
capacity. 
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The simplest and best way to attach a nut is to 
THREAD IT FIRST and then projection weld it to the part. 
That’s what Midland Steel Products is doing on automobile 
and truck frames—using a Progressive Press Welder. NO 
RETAPPING is necessary after welding. 


Formerly either arc-welded or mechanically 
attached to frames, these nuts (see sketch) are placed 
in a die on the lower platen of the welder. The part 
is slid along until a registering hole drops over the 
shoulder on the nut. The upper platen is brought 
PART down, one shot of current is passed through the nut, 
fusing the projections to the side-rail and the job is 
finished. A dozen or more nuts are attached to the 
side-rail shown in this.manner. Nuts range in size 
from % to % inch. 


If you have a problem of attaching threaded 
studs or nuts to other parts, consult Progressive’s 
PROCESS ENGINEERING DEPARTMENT. We 
will be glad to help you. 


Are you reading Progressive’s Resistance 
Welding Pictorial? Here you will find each month 
case histories of how WELDINGENUITY is cutting 
manufacturing costs and improving product 
appearance, performance and life. Ask for it on 
your company letterhead. 


Booth 1242 
at the Metals Show, Chicago 
CABLE ADDRESS “PROGWELD” 


lobe be 3050 E. OUTER DRIVE DETROIT 12 


RESISTANCE WELDING EQUIPMENT 
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tractor or Jeep power-take-off, or line 
shaft and belt. For more complete jp. 
formation, write The Hobart Brother; 
Co., Troy, Ohio. 


NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


NEW HIGH-PRODUCTION PROJECTION 


AIRCO ANNOUNCES 
IMPROVED NO. 312 ELECTRODE 


The Air Reduction Sales Co. announced 
the availability of an improved Airco No. 
312 electrode. Originally placed on the 
market 2 years ago, it is an all-position, mild 
steel electrode designed to produce weld 
metal possessing not only excellent mechan- 
ical properties, but also low hydrogen 
content. 


The Weld at the Left Was Made with 
Conventional Mild Steel Electrodes. The 
Weld at the Right Was Made with the Im- 
—— Airco 312. Base Plate Is Cold- 
olled Steel; Central Part Is High Suiphur 
(0.30% S) Free Machining Steel. 


According to the manufacturer, the im- 
proved Airco 312 electrode has two advan- 
tages over its predecessor: 

1. It can now be used on a-c and d-c 
reverse polarity current. Operating char- 
acteristics are said to be equally good on 
either a-c or d-c reverse. The former 312 
electrode could be used only on d-c re 
verse. 

2. Preheating of the electrode is no 
longer required with the improved Airco 
312 to obtain porosity-free weld deposits. 
These deposits can be obtained by using 
either the stringer bead or the full weave 
technique. 

The recommended uses for the improved 
Airco 312 are: welding high sulphur, free 
machining steels; welding hardenable 
steels where no preheat is used; welding 
cold-rolled steels which normally exhibit 
excessive porosity when welded with con- 
ventional electrodes; weldments to be 
vitreous enameled after welding. The 
extreme low hydrogen content of the im- 
proved Airco 312 makes possible the pro- 
duction of satisfactorily enameled surfaces 
without any heat treatment prior to enam- 
eling. 

For further information on the improved 
Airco 312 electrode write Air Reduction 
Sales Co.; 60. E. 42nd St., New-York -17, 
N. Y., or the Aireo sales office nearest you 


REVOLUTIONARY TYPE OF ARC 
WELDER AND POWER UNIT 
COMBINATION 


The Hobart Brothers Co., Troy, Ohio, 
is announcing a revolutionary type of arc 
welder and power unit combination. 

They have developed a new full ca- 
pacity 200-amp. rotary a.-c. arc welder 
for construction, maintenance and repair 
welding, which includes a simple operated 
change-over switch to convert the welder 
generator into a 52-amp., 120-v., 60-cycle, 
5-kw.-hr., 6.3-kva., single-phase power 
unit. In this machine, you not only get a 
full-capacity, 200-amp., a.-c. welder, but 
an a.-c. power unit which will supply 
sufficient power to operate fifty 100-w. 
lamps (or their equivalent) regularly or 
as an emergency ‘“‘standby’’ power source. 
It can also be used to operate electric 
drills, grinders, saws, hammers, compres- 
sors, paint sprayers and other electric 
motor-driven equipment. 


This Hobart development is surprisingly 
compact and light im weight, due to the in- 
genious manner in which a single generator, 
powered by a single gasoline engine, is 
made to do all the useful jobs this unit will 
do. It is the first equipment in the history 
of are welding that makes it possible to use 
alternating current for welding without 
being tied down to locations where power 
lines are accessi*le. And just as important 
are its advantages that erable the operator 
to weld and use power tools alternately 
from the same power source. 

The GA models are complete, factory- 
built, gasoline-engine driven units. The 
WA model is offered for use with your own 
power source, such as gasoline engine, 
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WELDER 


A new high-production projection welder 
is announced by The Federal Machine and 
Welder Co., Warren, Ohio, a leading manu. 
facturer of resistance welding equipment 
and other high-speed production machin 
ery. The first unit has been delivered to 
a large Eastern typewriter manufacturer 
where it is in volume operation welding 
retaining strips and other subassemblies t 
the steel stampings forming the mai 
typewriter body assembly. Using only 
one semiskilled operator, the machin 
produces approximately 200 completed 
assemblies per hour. 


Of stress-relieved, welded steel construc 
tion, the machine ensures maximum rigid- 
ity during the continuous high rate of 
production. In order to facilitate the 
loading of pressed steel parts and the un 
loading of the completely welded mai 
body assembly, which is welded in a singl 
pass through the machine, the mandr 
and head are mounted in an angular pos 
tion. The dies, which have special alloy 
inserts to coincide with the projections 
the work pieces, are designed to ensure # 
ample flow of water for proper cooling 
Two small air-operated hold-down clamp: 
act as an auxiliary clamping unit and pr 
cisely locate the work parts in posit’ 
during the sequence of welds. 


NICKEL WELDING ELECTRODES 


Eureka No. 100 Pure Nicke! Weldiné 
Electrodes are used to weld all type” 
cast iron. They are outstanding for ™ 
in repairing cracked, broken, wor 4 
defective castings and for correcting ™ 
chining errors. They are excellent for ® 
pairing cast-structured drawing and fort: 
ing dies, and are generally use’ ® 
intermediary material between the ™® 
metal and the final deposition of Eurekt 
“Drawalloy”’ or Tool Steel Electrodes . 

Eureka No. 100 Pure Nickel Welding 
Electrodes operate on either d.-c. of - 
welding currents. These electrodes - 
duce.a stable, smooth and spatter-free ® 
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maif ou'll want to see this new achievement in resistance weld- 

single ing power efficiency in action! Drop in at our booth No. 1254 

sndre and see how “‘Three-Phase’’ welds aluminum, brass, and 

- posi heavy gauges of steel with 4 the current required by con- 

allos ventional single-phase machines . . . and on a balanced 

mis 9 three-phase load at near unity power factor... and all this 

ew on ordinary power distribution facilities! On view also will be 

— standard Sciaky single-phase machines, spot, seam, pro- 

d of jection and portable. 

sition And if you can't attend the show—find out about ‘‘Three- 
Phase” anyway! Just write and ask for bulletins No. 136 and 
137A. Sciaky Bros., Inc., 4915 W. 67th St., Chicago 38, Ill, 
Specialists in the design and manufacture of precision 

ES resistance welders. Consult us on your welding problems, 

relding There is a Sciaky office or representative near you. 
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action with perfect slag coverage of weld 
deposits. Eureka No. 100 Pure Nickel 
Electrodes afford low temperature fusion 
with minimum penetration. 

The coating on Eureka No. 100 Pure 
Nickel Electrodes is free of fluorides and 
will not produce injurious gases. The 
insulating coating also prevents arcing of 
the electrodes when working in confined 
quarters. 


SILVER SOLDER 


All-State Welding Alloys Co., Inc., 96 
West Post Rd., White Plains, N. Y., an- 
nounces the immediate availability of a 
new silver solder with two exceptional 
advantages—a shear strength of 105,000 
psi. and a melting temperature of only 
1076° F., the lowest known melting tem- 
perature for any silver solder. This alloy 
is recommended for applying high-speed 
tool tips that have critical temperature 
ranges, and is especially suitable for the 
fabrication and repair of equipment in the 
electrical and _ refrigeration industries. 
The silver content of this alloy is 40%, 
with the remainder made up of cadmium, 
copper and zinc. It is available in wire, 
strip or rings. This alloy, known as AIl- 
State No. 111 lowest-melting-point silver- 
brazing alloy, is used with All-State No. 
100 flux. 


SPRAYING HARD COATINGS 


A new method for hard facing by using a 
metallizing gun and METCO-WELD H, a 
‘“‘wire’’ composed of a powdered hard-fac- 
ing alloy extruded with a plastic binder, is 
announced by Metallizing Engineering 
Co., Inc., Long Island City, N. Y. 

This Sprayweld method attains the 
previously difficult objective of applying 
smooth, uniform, relatively thin hard coat- 
ings, in a highly practical and inexpensive 
manner. 

During the spraying operation, the plas- 
tic binder is completely volatilized, and 
the deposit consists entirely of the metallic 
constituent. Subsequent fusing, with any 
fusing torch or with an attachment on a 
METCO metallizing gun, results in a coat- 
ing alloyed to the base and physically and 
chemically identical to hard facings of the 
same alloy applied by other methods. 

The alloy used in METCO-WELD H is 
unique in many respects. It possesses 
excellent resistance to abrasion—will out- 
wear hardened steel 3 to 10 times for this 
type of service. It resists corrosion better 
than stainless steel under most of the con- 
ditions for which stainless is generally 
used. It combines a low melting point 
with a long range of plasticity (1850 to 
2050° F.). It has high strength at red 
heat and exceptional-resistance to oxida- 
tion. 

Bulletin 53 explaining the operation and 
advantages of the Sprayweld process is 
available upon request to the Metallizing 
Engineering Co., Inc., Long Island City, 
N. Y. 
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LOW-VOLTAGE INDUSTRIAL WELDER 


A new and smaller designed Flexarc 
industrial line of a.-c. welders is available 
from Westinghouse. A sturdy, compact, 
streamlined case and a well arranged in- 
terior with reactor and transformer built 
around high permeability Hipersil steel 
cores are features of the new line. 


Called ‘“‘The 65 Line” for the open cir- 
cuit voltage, these new welders incorpor- 
ate the latest engineering features assuring 
high arc stability in the lowest as well as 
the highest current ranges of the five out- 
put ratings—200, 300, 400, 500 and a 
duplex 300/600 amp. 

Built-in low voltage control assures high 
operating efficiency in the low current 
range; built-in capacitors assure a high 
power factor and economical full rated 
operation. 

Natural ventilation, motable core re- 
actor operated by single ball crank current 
adjusting mechanism—a Westinghouse 
pioneered development in a.-c. arc welder 
construction—guarantee minimum main- 
tenance and attention. To reduce over- 
all size and maintain uniformly high op- 
erating efficiency, fan cooling is employed 
in the 500-amp. ratings. 

Heavy duty castors for extreme port- 
ability and strap skid mounting on sta- 
tionary units add to the welder service- 
ability. 

Further information on these welders 
may be secured from.the Westinghouse 
Electric Corp., P. O. Box 868, Pittsburgh 
30, Pa. 


WELDING TIMER 


The 52D Timatron, electronic welding 
timer, eliminates guess work in spot weld- 
ing. Uniform production is assured, which 
gives precision control to flow of current 
in timing the weld. Once set for a particu- 
lar thickness of metal, timing becomes 
automatic throughout the entire produc- 
tion run. 

The Timatron Timer is designed to make 
installation simple and inexpensive on all 
types of spot-welding machines. It is a 
simple matter for an electrician to install it 
in a short time, usually less than an hour. 
The control has the capacity to time any 
machine up to 10 kva., and is adjustable 
from 0.1 to 5 sec. by a hand control cover- 
ing any timing range which may be de- 
sired. The dial, which adjusts the timing 
period, is calibrated so that adjustment can 
be speedily made when switching from 
one thickness of metal to another. 

The timer makes it possible for a work- 
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man to produce a solid weld and eliminat 
defects common when the timing is left t 
the discretion of the operator, such 
welds that will not hold due to short tim 
ing, burning or putting of the metal du 
to overtiming. 

This low-cost Timatron will increas 
production, eliminate spoilage and reduc 
employee fatigue. Dimensions are 4' 
in. deep, 5'/s in. wide and 9 in. high 


WELDING CLAMP 


A new, handy, locking welding clam 
has been announced by Petersen Mfg. 
DeWitt, Neb., makers of the popula 
VISE-GRIP Toggle Wrench. 

The new clamp is said to simplify th 
welding of split fenders and most othe 
welding jobs by quickly aligning the pars 
for welding, then locking to the work i 
both hands free for welding. 


\ 1SE-GRIP 


vith speci 


The tool is the regulation 
Toggle Wrench, but equipped 
deep-throated U-shape jaws 
the work, yet provide perfec! 
and working space for the welding 07&%™ 
tion. 

The 2°/,-in. throat permits the tod 
reach well over the work. © Phe jaws # 
quickly adjusted up to 1°/s 1" wil 
widths of material. The 9-in. clam? 
retail for $2.95. 
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One man operating one 
projection welder, equip with 
dial feed (16 welding stations), 
produces 1000 or more loops every 
hour. This is not unusual pro- 
duction fora Taylor-Winfield 


welder. 


cally desig 
ing. Your product or asse 
require slight alterations to use 
this high production process; T- 

men (without obligation) can 


show you how. 
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THE TAYLOR-WINFIELD 


W”’ RESISTANCE WELDER 


Photos courtesy of The Gabriel Co., 
Cleveland, Oho 


Taylor-Winfield offers many varia- 
tions of dial feed press welders. Two 
of the features which make T-W di 

feed equipment outstanding are; (1) 
bearings which only carry 
mechanical loads (no welding current 
A series dual head cir- 
ke two welds simultaneously 
with less power than is required to 
d with conventional 


equipment. 
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SMALL SPOT WELDER 


“Rex Junior,” a simple, efficient and 
inexpensive bench model 1-kva. spot 
welder, is the newest member of the inter- 
nationally famous Rex family of spot wel- 
ders. No installation cost—it just plugs 
into any standard outlet carrying 110 v. 
a.-c. current. 


It has an air-cooled transformer, re- 
movable standard No. 1 Morse taper tips, 
and welds up to 24 gage mild steel. Opera- 
tion is controlled by a hand lever on the 
right side of the welder, but a foot-oper- 
ated attachment will be provided if de- 
sired. Stands only 14 in. high and weighs 
approximately 76 lb. Throat depth is 6- 
in. and the lower horn is adjustable. 

“Rex Junior” is ideal for sheet metal 
shops, jewelry radio repair and appliance 
repair shops, toy making, home workshops 
and all light manufacturing. The manu- 
facturer, Rex Welder and Engineering Co., 
Kansas City, Mo., can also supply this 
same welder with a 220-v. transformer. 
Other spot welders for special applications 
and in sizes ranging up to 300 kva. 


200-AMP. ENGINE-DRIVEN WELDER 


A new Flexarc lightweight engine-driven 
welder, designed for 200 amp. at 30 v. 
on the basis of 50% duty cycle, is avail- 
able from Westinghouse Electric Corp. 
Each welder comes with accessories com- 
plete ready to weld including work and 
electrode leads, helmet, electrode holder, 
a liberal supply of electrodes and a wire 
scratch brush. 

Dubbed Ranger,’”’ this d.-c. 
welder can be towed anywhere a jeep can 
take it. The design characteristics of the 
generator provide easy striking and main- 
tenance of the arc for shop quality welding 
on steel, cast iron, alloys, hard surfacing 
aluminum and brass. 

The generator is direct-connected to a 
Hercules IXB engine. The welding cur- 
rent is adjusted over a wide range from 
30 amp. at 20 v. to 250 amp. at 30 v. in 
four major steps by plugging screw-lock- 
ing plugs on work and electrode leads. 


Intermediate values of current are ob- 
tained by rheostat control. Polarity is 
positively controlled by interchanging 
work or electrode lead connections. 
Available either as a portable or station- 
ary model. 

Further information on this Flexarc 
engine-driven welder may be obtained 
from the Westinghouse Electric Corp., 
P. O. Box 868, Pittsburgh 30, Pa. 


ALL-POSITION ELECTRODE 


The improved Wilson No. 512 all- 
position, mild steel electrode is designed to 
produce weld metal possessing not only 
excellent mechanical properties, but also 
low hydrogen content. 

This improved electrode has two advan- 
tages over its predecessor in that it can 
now be used on a.-c. and d.-c. reverse pol- 
arity current with the operating charac- 
teristics being equal. The former 512 
electrode could only be used on D.-C. re- 
verse. Secondly, preheating of this elec- 
trode is no longer required to obtain por- 
osity-free weld deposits that are obtainable 
by using either the stringer bead or the 
full weave technique. 

Recommended application for the im- 
proved Wilson 512 are: welding high sul- 
phur, free machining steels; welding 
hardenable steels where no preheat is used; 
welding cold-rolled steels which normally 
exhibit excessive porosity when welded 
with conventional electrodes; weldments 
to be vitreous enameled after welding. 
The extreme low hydrogen content of this 
electrode makes possible the production 
of satisfactorily enameled surfaces with- 
out any heat treatment prior to enameling. 

Further information on the improved 
Wilson No. 512 electrode can be ob- 
tained by writing directly to Dept. 1543P 
Wilson Welder and Metals Co., Inc., 60 
East 42nd St., New York 17, N. Y. 


WROUGHT IRON 


A 20-page illustrated booklet that de- 
scribes wrought iron, oldest ferrous metal 
known to man, has just been made avail- 
able for distribution by A. M. Byers Co., 
Pittsburgh. The title is ‘‘The ABC’s of 
Wrought Iron.” 

The booklet tells in nontechnical terms 
what wrought iron is, why it resists cor- 
rosion and withstands shock and vibra- 
tion, how it is made, and how it is bent, 
welded and threaded. The various serv- 
ices for which wrought-iron pipe and plates 
are used are depicted. 
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AMPCO ELECTRODE 


Ampco Metal, Inc., Milwaukee 4, Wis, 
announces a new silicon bronze arc-weld- 
ing electrode, “‘Sil-Trode.”’ It was devel. 
oped especially to meet the needs of weld. 
ing engineers who prefer to use an electrode 
of similar composition to the parent metal 
when fabricating and repairing silicon 
bronze parts. 

Sil-Trode is a shielded-arc silicon bronx: 
electrode operating on reverse (positive 
polarity, direct current. The coating and 


core wire were speciftcally designed to pro 
duce a spray type arc action, low spatter 
loss, free-flowing slag, and weld metal 
producing crack-free, smooth, dense de 
The slag is friable and easily re- 


posits. 
moved. 
Sil-Trode is primarily recommended for 
the metallic-are welding of silicon bronzes 
although, like most other bronze elec- 
trodes, it may be used to weld copper, dis 
similar metals and ferrous-base metals 
This electrode conforms to the proposed 
A.W.S.-A.S.T.M. specification E Cu Si. 
The special core wire selected for use in 
the Sil-Trode was carefully developed s 
that the electrode could be used in joining 
any of the present weldable grades of sili- 
con bronze sheet and plate available for 
fabricated tanks, chemical processing 
equipment, etc. 
Sil-Trode will be available in 
1/5-, 5/s9-, 3/i6-, and 1/4-in. diameter sizes 
and packed in 50-lb. containers. 
Information on Sil-Trode will be sent o: 
request. 


PUBLIC HEARING PLANNED BY THE 
A.S.M.E. BOILER CODE COMMITTEE 


In the April issue of Mechanical Eng 
neering announcement was made by the 
Boiler Code Committee of The American 
Society of Mechanical Engineers that its 
Special Committee to Revise Section \ III 
of the A.S.M.E. Boiler Construction Code 
has prepared and submitted in draft form 
the Proposed Revision of Section VIII 0! 
the Code (Unfired Pressure Vessel Code 
dated January 1947. Public hearings 
have been held in May at Houston, Texas 
and Los Angeles, Calif., where some 25 
representatives exchanged views on [i 
proposed revision. 

The Boiler Code Committee will hold 
another public hearing in the East on the 
Proposed Revision of Section VII! in the 
Engineering Societies Building, ~" West 
39th St., New York, N. Y., on Nove mber 
19, 1947 at 10:00 A.M. The purpose » 
this hearing is to give all those intereste: 
in the proposed revision an oppor-unit) 
to express verbally their commetits The 
Boiler Code Committee is part ularly 
desirous of attracting to this meeting 4 
users of the A.S.M.E. Unfired Pressure 
Vessel Code, such as pressure vesse! manu 
facturers and users, representativ' from 
the petroleum industry and state officials 

Those desiring to review the pr 
revision may obtain copies from te 
AS.M.E. at 29 West 39th St., New York 
18, N. Y., at $1.00 each. All tho e inter 
ested are also invited to submit the'r — 
ten comments to the Secretary of the 
Boiler Code Committee. 
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BEFORE: 


Parts of burner assembly tor Luxaire 
gas-fired gravity furnace made by 
C. A. Olsen Mfg. Co., Elyria, Ohio. 


AFTER: 


Completed burner showing parts 
welded in place by Ni-Rod. Note 
smoothness of welds. Steel disc was 
joined to mouth of cast iron throat 
inlet by 4 tack welds go degrees apart. 


he ASSEMBLING the burners fon So, the Olsen Company had no 
their new “Luxaire” domestic gas — trouble in welding the slotted steel 
furnaces, the C. A. Olsen Mfg. Co., — discs to the cast iron throat inlets 
Elyria, Ohio, ran into trouble. .. . in the same operation. 


Ordinary cast iron electrodes And, while improving their 


wouldn't do the job of welding product, Ni-Rod also brought 


ihe cast iron burner heads to the 
burner throats. Welds cracked... 
parts failed. 


money- and labor-saving advan- 
tages. For example, Ni-Rod goes 
on so smoothly that extra finishing 
\fter experimenting with many operations are unnecessary. The 
different electrodes, they finally — whole job is completed in a little 
discovered their solution ...in more than a minute... without 
Ni-Rop.* preheating .. . using only half an 
Ni-Rod, they found, united the ” electrode. 
‘wo cast iron parts with strong, 


Today, the Olsen Company re- 
sound, crack-free welds. 


ports that over 25,000 units have 
It also welds cast iron to steel. been welded with Ni-Rod and are 


giving A-1 service. 
Find out more about Ni-Rod... 
how it can speed your production 
. Save extra operations .. . save 
extra cost. Available in 34.”, 4” 
55", and 3,4” diameters. Order a 
5-lb. package from your nearest 


distributor listed below. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5,N.Y. “Reg. U.S. Pat. on 


“Lusxaire” Series 
G Gas Fired 
Domestic Grat 
ity Furnace 
Size: 5 ft. 

2ft. x 3ft 

itput: 60 000 


te 90,000 AGA 


B.T.U. 
{MEM OF SERVICE 
Get NI-ROD from: 
WHITEHEAD METAL PRODUCTS EAGLE METALS CO. 
COMPANY, INC. METAL GOODS CORPORATION 
b> WILLIAMS AND COMPANY ROBERT W. BARTRAM 
STEEL SALES CORP. ALLOY METAL SALES, LTD. 
“iil HENDRIE & BOLTHOFF MFG. & WILKINSON COMPANY LTD. 
SEND FOR SUPPLY CO. METAL & THERMIT CORPORATION 
PACIFIC METALS COMPANY, LTD. | HOLLUP CORPORATION 
INSTRUCTION J. M, TULL METAL & SUPPLY CO. ==NATIONAL CYLINDER GAS 
BOOKLET 
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SECTION ACTIVITIES 


DETROIT 


Through the courtesy of Fisher Body 
an inspection trip was made through their 
Plant No. 1 by members and guests of the 
Detroit Section and the Saginaw Valley 
Division on September llth. The visitors 
had an opportunity to see spot, projection, 
gun and arc welding and brazing tech- 
niques used in fabricating automobile 
bodies. 

Through the courtesy of the Kaiser- 
Frazer Corp., two inspection trips were 
arranged on September 12th, one in the 
afternoon and one in the evening. The 
visitors were given an opportunity to see 
first hand, the welding technique used by 
a large automobile manufacturer. Kaiser- 
Frazer also obligingly arranged to show 
the Kaiser movie ‘‘The History of Building 
the Liberty Ships at Richmond Ship 
Yard.”’ Several welding techniques are 
shown in this excellent movie. 


NEW JERSEY 


The September dinner meeting of the 
New Jersey Section was held on the 16th 
at the Essex House, Newark, N. J. Sub- 
ject of the meeting was “Shall It Be: 
Cast? Forged? or Welded?”’ The speaker 
was Norman L. Mochel, Metallurgical 
Engineer, Westinghouse Electric Corp., 
Philadelphia. Mr. Mochel discussed the 
factors to be considered in the selection of 
castings, forgings or weldments for con- 
struction or fabrication of various types of 
industrial equipment. Mr. Mochel’s dis- 
cussion was of great value in clarifying 
the problem of which method is most suit- 
able for specific applications in the field of 
‘Heavy Industry.” 


KANSAS CITY 


The following officers have been elected 
by the Kansas City Section for 1947-48: 
Chairman, Wm. J. Snider; Vice-Chair- 
man, Cecil Poarch; Secretary-Treasurer, 
Wilbur F. Wheeler. 


NEW ORLEANS 


The annual business meeting was held 
on June 6th at Lawrence’s Restaurant, 
New Orleans. The following officers were 
elected for the coming year: Chairman, 
J. F. Houppert; Vice-Chairman, C. O. 
Stilwell; Secretary, Donald Sarrat; Treas- 
urer, R. P. Wilson; Program Committee, 
James W.Chambers; Asst. Program Chair- 
man, J. H. Patterson. 

After the business meeting two color, 
sound films—‘‘Making Pipe’’ shown 
through the courtesy of the A. O. Smith 
Corp., and a film of the 1947, Sugar Bow! 
Football Game were shown 


NEW YORK 


The New York Section opened its 
season with a panel session on Sept. 19th 
with the subject ‘‘Let’s Get Up to Date.” 
The meeting was designed to report on 
the latest developments in welding and 
cutting. The following six experts re- 
ported on the new developments in their 
particular fields, after which the meeting 
was thrown open for discussion and ques- 
tions: Arc Welding—E. Vom Steeg, Jr., 
General Electric Co.; Resistance Weld- 
ing—H. B. Axtell, Progressive Welder 
Co.; Gas and Inert Gas-Shielded Arc 
Welding—H. T. Herbst, the Linde Air 
ProductS Co.; Brazing—A. M. Steapen, 
Handy and Harman; Gas and Arc Cut- 
ting—Charles Kandel, Craftsweld Equip- 
ment Corp.; Miscellaneous Processes— 
A. N. Kugler, Air Reduction Sales Co. 
H. O. Klinke, Apparatus Research Dept., 
Air Reduction Sales Co., was Technical 
Chairman for the meeting. Questions 
from the audience kept the experts busy 
for nearly an hour following their talks. 

At a dinner preceding the meeting, 
past-chairman pins were presented to all 
past chairmen of the Section who were 
able to attend. Pins are being mailed to 
the other past chairmen. 


PHILADELPHIA 


The Philadelphia Section Special Activi- 
ties Committee announces the following 
schedule of meetings for the coming year: 

October 3rd, Metallurgy for Welders, 
R. D. Thomas, Jr. 

November 7th, Resistance Welding, 
O. C. Fredericks, Education Sub- 
Committee. 

December 5th, Electrodes and Ma- 
chines, John Lang. 

February 6th, Automatic Welding Ap- 
plications, Walter Mehl. 

March 5th, Resistance Welding, O. C. 
Fredericks, Education Sub-Commit- 
tee 

April 2nd, Stresses and Simple Struc- 
tures, A. A. Holzbaur. 

May 7th, Resistance Welding, O. C. 
Fredricks, Education Sub-Committee. 

These meeting are in addition to the 
regular monthly meetings which are held 
on the third Monday of each month, and 
are designed to supply technical informa- 
tion to restricted groups. The program, 
under the Chairmanship of Mr. A. A. 
Holzbaur, Welding Supervisor, Sun Ship- 
building and Dry Dock Co., Chester, is in 
its fourth year and have proved a very 
successful activity for the Section. 

The regular monthly meeting of the 
Section was held on September 15th at the 
Engineers’ Club. W. G. Theisinger of 
the Lukens Steel Co., Coatesville, spoke 
on the subject ‘‘Welding Clad and Alloy 
Steels.” 


ROCHESTER 


The following is a list of newly appoint; 
officers of the Rochester Section: Chai; 
man, Edward Jones; Vice-Chairma 
Robert Raudebaugh; Sec.-Treas., Walt: 
Dick; Membership Committee Chairma 
Harry Stoler. 


SYRACUSE 


The September meeting held on 
10th at the Hotel Syracuse was , 
dressed by H. S. Swan of the America 
Locomotive Co. Mr. Swan spoke ont 
subject ‘‘Welding Steam and Diesel Lo 
motives.” 

The October meeting will be held on th 
15th and will be addressed by LaMot' 
Grover of the Air Reduction Sales C 
who will speak on “Structural Steel Wel 
ing.” 


TOLEDO 


In addition to the newly elected officer 
for the Toledo Section published in t 
September Journal, the following we 
also elected: 2nd Vice-Chairman, W. |! 
Marion; Delegates to Toledo Technica 
Council—E. V. Newman, Edwin Nafzg 
Alternate. 

Meetings will be held on the Seco 
Tuesday of each month from September 
May. 


WESTERN MASSACHUSETTS 


The following officers and committ 
chairmen have been appointed for the ® 
cal year by the Western Massachuset! 
Section; Chairman, Sidney Low; 
Chairman, Thomas Dyer;  Secrelat 
Albert E. Labossiere; Treasurer, Howat 
W. Walsh; Program Committee, Thoma 
Dyer; Membership Committee, Gor 
Clark. 


WESTERN NEW YORK 


The following officers and com! 
chairmen have been appointed for the : 
cal year by the Western New York Sect! 
Chairman, Clarence E. Jackson; Vi 
Chairman, Odgen C. Mills; Treasut 
Robert Siemer; Program Committe 
Charles Jennings. 

The Section reports that they have ha 
an after-dinner speaker or a movie 
current welding problem or for 
past year and this has increas d the dina 
attendance a great deal. Tl Section 
proud of its 30% increase in att« ndance : 
the regular Meetings and they ar going 
attempt to better this increa>. 


YORK-CENTRAL PENNSYLVANIA 


G. A. Ostrom has been appointed # 
Section Secretary to fill the unexpired 
of W. H. Lackey, who has been trai = 
to the Pittsburgh area. 
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PATENTS 


Prepared by V. L. Oldham 


| ABSTRACTS OF CURRENT WELDING 


Printed copies of patents may be obtained for 25¢ from 


the Commissioner of patents, Washington 25, D. 


ventors, assignors to The Linde Air 

Products Co. (17 claims) 

The patented nozzle includes an elon- 
gated member having a central oxygen pas- 
sage extending longitudinally  there- 
through and having a plurality of acetyl- 
ene passages arranged in circumferen- 
tially spaced substantially parallel relation 
to the oxygen passage. All of the pas- 
sages terminate at one end of the elongate 
member and an end cap is provided for 
directing acetylene discharged from the 
acetylene passages inwardly toward the 
oxygen which discharges as a _ single 
stream from the discharge end of the 
oxygen passage. 


2,425,710—BLowpIrE NozzLe—James H. 
Buchnam, Cranford, N. J., and Ivan 
P. Thompson, Elizabeth, N. J., in- 
ventors, assignors to The Linde Air 
Products Co. (10 claims) 

In this patent, a post-mixed desurfacing 
blowpipe nozzle is covered and it has a 
first single oblong discharge orifice for 
oxygen that connects to an oxygen supply 
passage upstream and axially in line with 
said orifice. An outlet portion upstream 
of the first orifice is provided and gradu- 
ally merges with such first orifice which 
first orifice gradually changes from circu- 
lar to enlarged oblong cross section adja- 
cent itsend. Fuel gas supply passages are 
formed in the nozzle and discharge into 
enlarged chambers adjacent the enlarged 
portion of said discharge orifice and re- 
stricted passage means communicate be- 
tween said fuel gas chambers and the en- 
larged portion of the oxygen orifice. 


August 1 to August 31, 1947 


ment Corp., 2429 S. Michigan Ave., 
Chicago 16, Ill. 


COLORADO 


Westerkamp, R. M. (C), Westerkamp Ex 
press, 5003 Grant St., Denver, Colo. 


969 


. 


2,425,830—ApJUSTABLE-ELECTRODE ARC 
WELDING TorcH—Elmer R Ross, 
inventor, San Diego, Calif., assignor 
to Solar Aircraft Co. (2 claims 


Ross’ torch comprises a handle having 
two parallel electrode supporting rod 
members projecting from one end thereof 
adapted to support a pair of electrodes for 
movement toward and away from each 
other. The handle is provided with spx 
cial mounting means for controlling rod 
members extending therefrom. 


2,426,280-—-WELDING MACHINE 
E. Nickols, inventor, Birmingham, 
Mich., assignor to Resistance Welder 
Corp. (7 claims) 


Leonard 


‘A resistance welding machine including 
a combination center ram and conductor, 
an outer conductor insulated from the 
first conductor and arranged concentric 
ally thereabout, and pressure-actuated 
means for reciprocating the center con 
ductor are provided in this patent. A 
“work” accommodating opening is pro 
vided in the outer conductor. 


2,426,481—TAaNK WAGON WELDED IN 
OnE Prece—Nils Albin Andersson, 
inventor, Alsten, Sweden, assignor to 
A/B Chr. Olsson. (4 claims) 


A tank wagon having a plurality of 
trucks, a cylindrical shell serving as an in 
terframe between the trucks and a pair of 
parrallel side plates is provided. The side 
plates serve as axle box mountings and are 
welded to the outside of the shell 


List of New Members 


DAYTON 


Benedick, Dawson J. (C), 315 Dell St 


Dayton 4, Ohio. 


Tyree, Emory J. (B), International Har 
vester Co., 2069 Lagonda Ave., Spring 
field, Ohio. 
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Copyright 1947, General Electric Co. 


Here is the first major advance in d-¢c welder design in nearly a decade- 


General Electric’s new WD-40 series of heavy-duty industrial welders, 


Into these full capacity, NEMA rated machines, 
modern design engineering has built all the features 
for outstanding welding performance and service. 
Functional design, efficient use of materials, plus 
the elimination of “‘dead-weight” iron and copper, 
save approximately 50% in overall size and weight. 

Operating at 3500 rpm, the WD-40 series ma- 
chines provide the same advantages of service, 
durability and low maintenance long associated with 
G-E welders; and in addition, welding performance 
is superior in many ways. The arc is easily struck 
and maintained, and steady welding current is 
provided over a broad range. 

Their compact, weight-saving design makes them 
readily portable, saves floor space, and permits 
utilization of underbench and balcony space not 
available to larger units. 


NEW CONTROL 
Improved single-dial dual control, available only 
on the G-E WD-40 series, combines the flexibility 


G-E WD-40 series weiders have been thoroughly tested and produc- 
tion proved. Several hundred of an early prototype, built for the 
armed forces, esiablished an enviable “war record.” And test 
samples of the present models have been actively production tested 
for more than two years, right in the plants of many industrials 
and metal fabricators. 


GENERAL @ ELECTRIC 


and precision of dual control with the convenient oper -. 
tion of single dial control. Simple and easy to use, thay 


new simplified control saves time and guess work. .. 
permits operators to PRE-SET the correct current 
for any given job without subsequent adjustments 
after the arc is struck. 

Yes, modern, functional design has caught up with 
d-c welders, and you’ll probably want to know mor 
about the results—the new WD-40 series machints 
manufactured in 200-, 300-, and 400-amp models 
Just mail the coupon to your nearest G-E Arc Weldisg 
Distributor; why not right now! Apparatus Depa 
ment, General Electric Company, Schenectady 5,N.!: 
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-E ARC-WELDING DISTRIBUTORS 
Venn Supply Co., Box 2532, Birmingham 


BONA—Arizona Welding & Co., 230 So. Central Ave., Phoenix 
IFORNIA—Victor Equipment Co., 844 F Sen Francisco 
ORADO—Hendrie & Bolthoff Co., 1635 17th, Denver (also WYO.) 
RiDA—Cameron & Barkley Co., 
Georgia Oxygen Co., 

ygen Co. 


son Manufacturing Co., 2223 Fairview Ave., Boise 


7 “a Corp., 1324 W. Fulton, Chicago 


Equipment Co., 410 Camp, New Orleans; 
mines & Supply Co., Box 116, —y 

AND—Areway Equipme Baltimore 
DEL. and Va) — 


BIGAN—Weiding Sales & Co., 8570 Grinnell Ave., Detroit; 
lier Welding Supply Ave., Grand Rapids 
schild Welders Sup. Co., 512 E. 18th, Kansas City (also KAN.) 


Spring Ave., St. Louis (also IOWA) 
823 South Montana, Butte 


330 South 10th, Lincoln; 
(also 1OWA) 


Engrng. Sales Corp., 150 Consoway, Boston, Mass. 


04 So. Cornell Ave. 
Sales Corp., 110 E. 42nd St., New York 


ourth Ave. N., Fargo 
jleveland; 
Toledo 
422 So. Walker, Oklahoma City 
115 S.W. Second Ave., Portiand (also WASH.) 
nt Co., 49th & Grays Ave., Phila. (ciso N. J.) 
“™eron & Barkley Co., 84 Sheppard, Charleston 


E. 11th, Chattanooga; 


xaos W ing Sup- 
Parts Depot, Inc., 712 Texas, 
Co., 2228 No. Main, Fort 
5931 Clinton Dr., Houston;— 
325 No. Centre, San Antonio 


‘al Electric Co., Toronto 
International General Electric Co. 


ALL of the WELDING PERFORMANCE 
... NONE of the ‘’Dead-weight’’! 


1. Snappy, stable arc, higher efficiency, and superior welding per- 
formance over a broad current range 


50% savings in size and weight 

Single-dial dual current control and handy electrode selector 
Dependable, low-cost service over a long “‘life span’ 

Easy, inexpensive maintenance 
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RGINI2 — Supply Co., Bluefield; Logan Hardware, 


DETROIT 


Baker, Richard (B), Tipaloy, Inc, 1435 
E. Milwaukee, Detroit 11, Mich. 

‘Bierer, P. R. (B), Tipaloy, Inc., 1435 E. 
Milwaukee, Detroit 11, Mich. 

Boddy, G. Howard (B), Tipaloy, Inc., 

1485 E. Milwaukee, Detroit 11, 

Mich. 

Boelter, L. W. (A), Ford Motor Co., 3000 
Schaefer Rd., Dearborn, Mich. 

Hassler, J. (B), 8114 Rathbone, Detroit 9, 
Mich. 

Kuhn, Frank (B), 6110 Cass Ave., Detroit 
2, Mich. 

Miller, D. C. (B), Tipaloy, Inc., 1435 E. 
Milwaukee, Detroit 11, Mich. 

Winton, D. O. (B), 2 Piedmont Ave., 
Detroit 23, Mich. 


HARTFORD 
Jaeger, Alden M. (C), 63 Benham St., 
Torrington, Conn. 
INDIANA 
Stevens, George (B), Lincoln Electric 
Co., 3348 N. Central Ave., Indianapo- 
lis, Ind. 
KANSAS CITY 
Bleistein, Charles H. (C), Everitt-Bleis- 
tein Assoc., Architects & Engineers, 
1221 R.A. Long Bldg., Kansas City, Mo. 
LEHIGH VALLEY 
Lehr, Alton E. (B), 304 Dorchester Ave., 
Lincoln Park, Pa. 
LONG BEACH 
Irwin, A. G. (C), 2439 Orange Ave., Long 
Beach, Calif. 
LOS ANGELES 
Corbitt, Charles M., Jr. (C), 714 W. 
Olympic Blvd., Los Angeles 15, Calif. 


Marking, L. Paul (C), 1208 Montebello 
Blvd., Montebello, Calif. 


MAHONING VALLEY 


Green, Andrew (B), Youngstown Steel 
Car Corp., Niles, Ohio, 


MARYLAND 


Burnley, James H. (C), 200 Scott St., 
Baltimore 3, Md. 


MICHIANA 


Burke, L. R. (B), Clark Equipment Co., 
Buchanan, Mich. 

Deming, George T. (B), Clark Equipment 
Co., Buchanan, Mich. 

Flenar, Otis M. (B), 210 N. Detroit St., 
Buchanan, Mich. 

Morganthau, William (B), Clark Equip- 
ment Co., Buchanan, Mich. 

Turner, George L. (B), Clark Equipment 
Co., Housing Division, Buchanan, Mich. 


NEW YORK 


Hames, George J. (C), Cutler-Hammer, 
Inc., 430 Southern Blvd., New York, 
N. Y. 

Krivobok, V. N. (B), International Nickel 
Co., 67 Wall St., New York 5, N. Y. 

Wheatley, John G. (C), Eagle-Globe- 
Royal Indemnity Co., Engrg. Dept., 
150 William St., New York 8, N. Y. 


NORTHWEST 


Woods, Carl E. (B), Super Six Mfg. Co., 
4026 Washington Ave. N., Minneapo- 
lis 12, Minn. 


OKLAHOMA CITY 


Lippincott, Lloyd (B), Independent Sup- 
ply Co., Box 1481, Oklahoma City, 
Okla. 


PASCAGOULA 


Bond, N. L. (C), 310 8th St., Pascagoula, 
Miss. 

Millikan, H. J. (C), 1401 Tyler Ave., 
Pascagoula, Miss. 

Moore, V. E. (C), 422 Lake Ave., Pasca- 
goula, Miss. 


PEORIA 


Hanson, Melvin A. (B), G. M. & O. 
Shops, Bloomington, Ill. 


PHILADELPHIA 


Turner, Howard D. (C), Lukenweld, Ine, 
488, Coatesville, Pa 


PITTSBURGH 


Semmer, M. R. (C), Weber-Semmer Co 
5108 Liberty Ave., Pittsburgh 24, Pa 
Synder, Saylor C. (B), 1126 Frick Bldg, 
Pittsburgh, Pa. 

Zern, R. A. (B), Cook & Zern Consulting 
Engrs., 607 Wabash Bldg., Pittsburgh 
22, Pa. 


PUGET SOUND 


Freeman, Lester I. (C), Acme Steel & 
Welding Co., 506 S. F St., Aberdeen, 
Wash. 


ST. LOUIS 


Day, Thomas W. (C), Lincoln Electric 
Co., 4427 Manchester, St. Louis, Mo. 


SAN FRANCISCO 


Flaherty, Dewey F. (C), 2323 20th Ave, 
San Francisco, Calif. 

O’Massey, Richard Conrad (C), 333 Mt 
Vernon Ave., San Francisco 12, Calif 
Popert, William H. (C), American Inst. of 
Steel Constr., 712 Mechanics’ Institute 
Bldg., 57 Post St., San Francisco 4, 

Calif. 


WASHINGTON 


Bond, Howard C. (C), 2210 Nicholson 
St., S. E., Washington, D. C. 

Semon, Howard W. (C), 1130 Maryland 
Ave., N. E., Washington 2, D. C. 


NOT IN SECTIONS 


Brewster, Edward D. (B), Aptdo. Postal 
1240, Mexico, D. F. 

Burda, Jan (B), Ostrava 8, Zabreh Ruska 
131, Czechoslovakia. 

Hanks, Edmund E. (C), 405 Jefferson 
Standard Bldg., Greensboro, N. C. 
Hauser, Hans J. (C), 37 Seidenstrasse, 

Winterthur, Switzerland. 

Jan, Ing. Mandaus (B), Prauge VIII, 
Ckd, Czechoslovakia. 
Take, P. H. (B), Halifax Shipbldg. Co., 
c/o D. Scouler, Halifax, Nova Scotia. 


Members Reclassitied 


CHICAGO 


Chouinard, A. F. (B to A), 1200 N. Clare- 
mont, Chicago, IIl. 


COLORADO 


Rosenbach, Aleck (C to B), 3600 Race St., 
Denver, Colo. 


972 


During Month of August 


Zigler, Alex R. (C to B), 3434 Humboldt, 


Denver, Colo. 


NEW YORK 


Kelly, George (C to B), 468 E. 160 St., 
Bronx 56, N. Y. 


THE WELDING JOURNAL 


Moles, Edward W. (C tv 130s 
228th St., Laurelton 15, 
Muller, Albert (C to B), ! Lé 
Brooklyn 10, N. Y. 

Weigel, A. C. (B to A 
Engrg. Co., 200 Madis 
York, N. Y. 
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